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PREFACE. 


ſ*He following Book was at firſt 

. drawn up inarude manner, -0n- 
ly to pleaſe my ſelf, and divert the va- 
cant hours of a Solitary Country Life. 
But ic is now publiſhed, purely in hopes 
of its doing ſome good in the World, 
among ſuch, whoſe Genius and Lei= 
{ure lead them to Mechanical Studies, 
or thoſe whole buſineſs and livelihood . 
it 1s. 
Many there are, whoſe fault, or 
calamity it is, to have time lying upon 
their hands; and for want of innocent, 
do betake themſelves to hurtful pleaſures: - 
This is the too common misfortune of 
Perſons of Quality. Among ſome of 
the looſer fort of which, if this Book 
ſhall find ſome acceptance, it may be a 
means to compoſe their looſe Spirits ; 
and by an innocent guile, initiate them 
in other Studies, of greater uſe to 
themſelves, their Family, and Country. 
However, it may hiadec their com- 
N Eo mithoa 
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miſlion of many ſins, which are the 
effeas of idlenels. - 
If there be any one perſon, in whom 
theſe good effects are produced, I ſhall 
think- my idle hours. well beſtowed, 
and bleſs God for it. However, up- 
on the account of the innocence of my 
end in publiſhing this Book, and that 
it was Written only as the harmleſs (I 
may add alſo the vertuous) ſport of 
leiſure hours ; I think my ſelfexcuſable 
to God and the World, for the ex- 
pence of ſo much time, in a ſubje& 
different from my Profeflion, 
But befides, I think my ſelf under 
ſome little obligations of Juſtice and 
Charity, to publiſh the enſuing 
papers for the ſake of thoſe, whole 
buſineſs the Mechanick part is. I take 
ic to be a Charity to the Trade ; be- 
- cauſe there are many (altho excellent 
in the Working part) who are utterly 
unskilled in the Artificial part of it. And 
then it is a debt I pay: becauſe I owe 
ſomewhat of health, as well as diver- 
ſion to the Study, and Practic2 of this 
fort of Mechanicks. And the beſt re- 
Quital I can make for my treſpaſs, is 
to pubiiſh what I have had better op- 
portunities perhaps of Learning than 
many Woikmen bave. | 
And further yer, there is another 
reaſon, which much prevailed with 
me 
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me to publiſh this Book, viz. Becauſe 
no body, that I know of, hath pre- 
vented me, by treating fo plainly and 
intelligibly of this ſubje&, as to be un- 
derſtood ty a Viulgar Workman. I have 
often viondered at it, that fo uſeful 
and Goglightfui a part of Mechanical 
Mathemeticks ſhould lie in a=y obſcu- 
rity, in an 2ge' wherein ſuch vaſt im- 
provements have been made therein, 
and when many Books are daily pub- 
liſhed upon every ſubjz&. Ifpeak here 
of this Art remaining - in obſcurity ; 
not as it nothing was ever written of it, 
and I the Invenier of AutomaticalCom- 
putation; 

But altho I cannot aſſume the glory 
of being the firſt Writer upon this ſub- 
je, yet very few have as yer done it ; 
of which I ſhall next pgive ſome ac- 
count. 

Carian, Rirchir, ard Scattus promiſed 
it ; but 1 do not find they ever publiſh- 
edany thing tothe purpoſe of it. Our 
great Mr Ozz2#tred] take to b2 the tirit. 
that ever wrouvghtto any purpoſe abcut 
the Calculation of Azaremeta : And I 
| believe he was the {t:it that brought 
that Art under Rules, in h15 little trea- 
tiſe called Automata. Which Book was 
firſt ſurreptitiouſly pubitſhedinEng/#@ 1:1 
a little Book called Horeoleg. Diatogne:, 
in the year 1675 ; and afte: wards far 

A 3 more 


more compleatly in Latin,at the Theatre- 


in Oxoz, among Mr Ovughtred's Opuſc. 
Mathem. in the. year 1677, This laſt 


edition it was my misfortune not to- 


meet With, until it was too late, and 


" therefore I have been forced to quote 


the firſt and worſt in my Book. 
What Mr Oughtred had wrapt upin 
his Algebraick obſcure CharaQers 


was afterwards put into -plainer Lan-* 


guage by that excellent Mathematician 


Sir Fon. Moor, with ſome additions of 


his own ; which you have in this Math: 
Compend, and ſince him, by Mr. Leyborn, 
in his Pleaſure with Profit, 


TT hope I ſhall not be judged to have. 


tranſgreſſed the Rules of Modeſty, in 
coming after three ſuch famous men ; 
neither ſhould I veneure that cenſure, 


but for two reaſons. One is, I findby 
experience, that what they: have writ-- 
ten, is underſtood by very few Work- 


men, and therefore I have endea-: 


voured, with all induſtry, to make the 


matter as plain as I could for fuch, 


For which reaſon, I hope the more: 


learned Reader will excuſe my uſing 
many words, when fewer would have 
{ſerved his turn ; and that I have. con- 


deſcended* to low things, (and to him. 


needleſs) as teaching the Golden-rule, 
&c. The other reaſon is, that what 
thole three have written, relates -only, 
or 
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c 


S*, W W 


W—_ 8 ". Oþ 


The Preface. 
or chiefly to the Watch-part. To 
which I have added ſeveral other 
things of my own : particularly the 
Calculation of the Clock-part, &c. I 
have been forced to reduce to Rules 
my ſelf. And to name no more, the 


Hiſtorical part hath not been ſo much 


as attempted before, that I know of. 
Theſe Reaſons will, I hope, excuſe 


.#.me with the moſt cenforious Reader, 


not only for preſuming to write after 
ſo accurate a piece, as Mr. Oughtred's 
is; but alſo the Novelty of the ſub. 
je, will I hope procure for me a can- 
did interpretation of the faults and 
blunders, that I may have unwittingly 
committed. _ 
To the preceding account of what 


others have written (which ſhews what 


helpI have had from - printed Books) 
I ſhall ſfubjoyn my acknowledgments, 
and thanks to the principal of my 
friends, who havegiven me their afliſt. 
ance 1n compilingthis Book, But their 


-names I ſha!} nor make more publick 


than mine own. being unwilling to be. 


diſcovered my ſelf. In the Chap. of 


tne Terms of Art, I owe much to the 
altſtance of Mr. L. Br....a judicious 
Workman in Fazchurch-freet, who drew 
me up a Scheme of the Clock-maker's 
Language: - In the Hiſtory of the Mo- 
Cern Inventions, I have had '(among 
A 4 {ome 
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ſome others) the afliſtance of the inge- 
nious Dy, H.... and Mr, T...: The for- 
mer being the Author of ſome, and well. 


t 
acquainted with others, ofthe Mecha- || « 
nical Inventions of that fertile Reign: ||| t 
of King. Charles: the II. and the latter || x 
actually concerned in all, or moſt of | } 
the late inventions in Clock-work, by || t 


means of his famed skill in that, and 
other Mechanick operations. BS > 
There are ſome other contrivances: || | 
of this laſt age . (beſides thoſe I. have' || 
mentioned) which I have paſſed over. || * 
in filence ; becauſe either they are. | 
eniy branches, or improvements of 
the inventions | have taken notice of; 
(inch as feveral ways of repeating work, 


ec.) or eiſe, they only collaterally 


relate to Watch-work (as the inventi-. 
ons of Cutting-Engines, Fuſy-Engines, 
&c,) To treat of all theſe, would: 
{well my Book far beyond its.intended 
bounds ; which I have already fome- 
what exceeded. TI ſhall therefore com- 
1rit this task to ſome better Pen, hop. 
ing that no perſon wiil take it amils, 
that. F have not mentioned his inven». 
tions which I have been beholden to 
him for the relation of. 
For the reaſons laſt mentioned,I have 
alſo left out of my Book, a Chapter of 
the Art of making, and uſing many 
ſorts of Sodders, the way of colouring 
Metals, 
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Metals, &*c. uſeful in the practice of 
Clock-work. This I had prepared for 
the ſake of Mercurial Gentlemen, but 
omitted printing it, and ſome other 
things, out of Charity to poor Appren- 
tices and other Workmen, whoſe purſes 
E am unwilling my volume ſhould 
too much exceed. 

{f I have at any time invaded the 
Workman province, it was not be- 
cauſe I pretend to teach him his 
Trade ; but either for Gentlemen's 
ſakes, or when the matter led me necel. 
farily to it, 

I have nothing more to add, but that 
F would ave this littie Treatiſe looked 
upon 03:5 as an effay, which I hope 
will prompt ſome abler pen to perform 
the tak better, eſpecialiy in the Hi- 
 Rorical part, For ſince Watch-work 
oweth {o much to our Age; and Coun» 
try, 'tis pity that it ſhould not be re- 
membred :- eſpecially when we -cane 
not but lament the great defect of Hi- 
ſtory,aboutthe beginning and improve- 
ments of this ingenious. and uſeful 
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| Ls ihe Ter erms. of bs, [1] Bier 
by whichathe parts Ui an 
Automate on are called... 


. 
"T is " eeceſiliry that I ſhould ſhew 
_ theameaning of the Terms which 
i -*- Clock-makers uſe, that Gentle- 
men and others, unskilful in the Art, 
| may know how to expreſs themſelves | 
Sproperly, in ſpeaking ; and alſo un- 
derſtapd what I ſhall ſay inthe follow- 
1ng Book. 
*. T ſhall not trouble the Reader with a i 
recital of every name that doth occur, - we 
but only ſuch as I ſhall have occafion - 
to uſe in the following diſcourſe, and © 
lotne few others that offer themſelves, 
B upon 
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work. © DE, :- _ 
SB ' T begin with the more genetal. 
" Terms: as, the Frame ; which is tht. 
which contains'the Wheels, and the I 
reſt of the work. The Pillars and. 
_ Plates, are what, it chiefly confiſts of, I 
 Nextfor the Spring, and its appurte- | 
nances. 'That which the Spring lies IU 
in, is the Spring-box:; that which the' 
Spring laps about, in. the middle of 
the Spring-box, is the Spring-Arbor ; 
_ to Which the Spring is hooked at .one IN 
end, At the top of the Spring-Arbor, 
the Endleſs-Screw, and its Wheel, AK 
— "That which the Spring draweth, I. 
 _ and about which the Clint or String 
1s wrapped, and which is commonly Y 
taperis the Fuſy, In larger work, going Y- 
with weights, where it is oplieicar 
þ* it is called the Barrel : The ſhall 
b Teeth at the Bottom of the Fuſy, | | 
bY _ or Barrel, that ſtop it in winding || 
up, is the Ratchet, That which ſtops | ; 
it when wound up, and is for that end |} 
driven up by the String, is the Garde- || | 
=M caut, or Guard-Cock , as' others; and 
4A Gard-du-Cord, and Gard-du-Gut, as others 
4 call it. h 
' The parts of a Wheel are, the Hoop, 
or Rim : the Teeth : the Croſs : and the - 
Collet, or. piece of Braſs, foddered-on 
the Arbor, or Spindle, on which the 
Wheel is rivetted. | — 
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3 "The ds bg the ue by are © called 
Bl Zeverts : the holes i in which. they, run 
Bl Pevet-boles. 

'The guttered Wheel,with Iron ſpikes 
| at the bottom,: in which the line of or- ” 
fl dinary: -. | oule-Clocks doth run,is called of 


Fl Ineed not ſpeak of the Dial-Plate che 
| Hand, -S crews, Weages, Stops, &c. 
| . This: much- for general Names , 
' which are common. to all - parts of a 
I Movement. bh 
3 The parts of a | Movement, ' which 
J I ſhall conſider, are the Watch, and 
IJ Clock. 
The Watch part of a Movement is 
that which ſerverh to the meaſuringthe 
hours. - In which the firſt thing I ſhall 
conſider is the Ballance : whole parts 
are, the: Rim, which is the circular _ 
part of .it : the Verge, is its Spindle : 8 
- | to which belong the two Pallerr, or 
| | Nuts which play in the fangs of the. 
| Crown-Wheel ; in Pocker. Watches, 
that ſtrong ſtud in which the lower 
| Pevet of the- Verge plays, and inthe 
- | middle of which one Pever of the 
| | Crown-Wheel runs, is called the Por- 
tans, Or rather Potence : the wrought 
Fw "Ti _ 
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pigce which coyers the Ballance, and. 
in which the upper Pevet! of the! Bal. 
| lanceplaysgs'the Cock.” Pheſinal Spring 
in chef Por ket Warghes4 is the Re. 
gulator. wer By Fen f 
"The po of a Pendulum Areyt he Verge, 
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culiar to.the þ + Swing, are the Pad 
which are the Pallets in others: nd are. 
fixed onthe Spindle. The Fork-is alfo / 
fixed on the Spindle, and about 6itiches 
below: caictionts hol&'on 'the-Rod; ata 
flat. piece of Braſs, called the Flart; 'In 
which, the lower” end'o of the, Spring i is 
faſtened:* 

 _Thenames of theWheels next followy. 
The Crown-Wheel in Small. pieces, and 
Swing-Wheel 'in Royal Pendulums,is that 
Wheel whith' drives the Ballance, or. 
Pendulum: . CTY 

"The Contrate-Whyel, 1s chak "* eli in 
Pocket-Watches, and others, which is 
next to the Crown-Wheel , whoſe 
Teeth and Hoop lye contrary to thoſe 
of other Wheels: whenge it hath its 
Name. —_ 

The: Great. Wheel, or Firſt- Wheel. is 
that which the Fuſy, &«. immediately. 
driveth. Next it, are the Second-Wheel, 
Third-t heel, &f 
| Next | 


F Next followeth the Work between | 
the Frarne and [Dial-Plate.:: And firft, - + {| 
is: the Pinion of. report 4" Wilndh :15:that 7 COR 4 
| Pinion, whidyis* cotnmionly:fix2d-.on — © ©; 
the Arbor ef:the:great Wheel, and-in "MY 
old Watches uſed to haye-commoently 
| but four Leaves, which driveth- the 
| Dial-#heel;, and. this - carrieth about 
gd | the Haxd. _ | F760 HIT F.- 
© : The hft partwhich T ſhall: ſpeak of 
'Y its the Cho, which'is that; part which 
ſeryeth: to ſtrike the houts'©: Ei which T 
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'' Firſt ſpeak of the: Great,or Firſt Wheel; 
© which is that which the Weight 
| or Spring firſt drives. ©1116 or 30. 
FD diour Clocks} :this is commonty:the Pr 
8 Pew in (8: Day pieces, ther Serondt- 
| Ped 'is' commonly the Pimmtbeel. 
This Wheel thus- with Pins is-called- = 
the Striking Wheel, or Pin-Wheel.” 
_ Next to thisStriking Wheel, follow-' 
eth the Detent-Wheel,, or Hoop Wheel . it 
having: a''Hoop i'almoft round it; in 
' which 1s a vacancy.;at which'the Clock 
m—_— To TIT ETD 
__ The next is the Third, or Fourth- 
F heel (according as it is diſtant from : 
the Firſt- Wheel). called alſo the arvizg 
—_ EH 115509320010 74.120 
And laſtly is the Fhing Pinion, with 
a Fly or Fan to gather Air, andſo bridle 
the rapidity of the Clock's motion. 
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Explication of the Ch. 1. 

- Beſides theſe, there are the Pinion of 
Report, of which before, which driveth 
' round the Locking-Hheel, called alſo the £ſ 
Count-Fheel,with 11 Notches in it com: i 
monly , unequally diſtant from one 
another, to make the Glock ſtrike the 
hours of x, 2, 3, &c. - 

— Thus much for the Wheels of the 
Clock part, © TT 
Beſides which there are the Roſh, or 
Ratch ; which is that ſort of Wheel, of 
twelve large Fangs, that runneth con- 
centricalto the Dial-Wheel,and ſerveth 
to life up the Detents every hour, and 
make the Clock firike., 
The Detent: are thoſe Stops, which 
© «by being lifted up, or let fall down, do 
lock and unlock the Clock in ſtriking. 

The Hammers ſtrike the Bell : The | 
Hammer tailsare what the Striking-pins | 
draw back the Hammers by, - 

Latches are whar life vp, and unlogk 
_ MM. 7 

Catches are what hald by looking, 
or.catching hold of... a 


The Lifting pieces do lift up, and un- | 


mn 


lock the Detents, in the Clock part. 

The Train is the*number of Beats || 
which the Watch maketh in an Hour, | 
or any other certain time. 
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General preliminary Ryles un? Diz- 
- * reGions for Calculation. 
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$ 1.17 OR the more <clear underſtand- 
= ing this Chapter it muſt be ob- 
{ ſerved, that thoſe Automata: (whole 
Calculation 1 chiefly intend) do by little 
Intecitices, or Strokes, . meaſure out 
{ longer portions of Time. Thus the 
ſtrokes of the Ballance of a Watch, 
uo out Minutes, Hours, Days, 
; x Y Pe - | 
Now to ſcatter thoſe firokes among 
heels and Pinions, and to- proportionate 
- | them, ſo as to meaſure time regularly 
| is the deſign of Calculation. For the. 
s | clearer diſcovery of which, it will be 
, | necefſlary to proceed leiſurely, and 
gradually. : , 
FS 2. Andin the firſt place, you are Onpteree | 
to know, that any Wheel being divi- ,g., 
La —— 
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ded by its Pinion, hows how many F- 
turns {Sr Pinion hath to one turn of Nu) 
that Wheel. Thus a Wheel of 6o | 5) 
teeth driving a Pinion of 6, will turn I 5;) 
round the Pinion ro times iri going if 5) 
Tonnd once.. | fea 
From the Fuſy to the Ballance the I 
Wheels drive hs Pinions ; and conſe-}}- 
quently the Pinions run taſter, or'go. 
more turns, than theWheels they run 
;n. Burt it is contrary,from the great- 
Wheel to the Dial-Wheet .Thus 1n the 
Jaſt example, the Wheel drives round 
the Pinion 10'times : but'if thePinion 
drove the Wheel, it muſt turn To | + 
times to drive the Wheel round once. = 
{F 3. Before I proceed further, T 
muſt ſhew how to write down the #$ 
Wheels and Pinions. Which :may be Þ 
done, either as Vulgar Frations: or || | 
in the way of Diviſion in Vulgar A- | © 
rithmetick. For Ex, A Wheel of & ||! 
moving a Pinion” of 5, may be ſet | : 
down thus,  : or rather thus 5) 60:: | 
| 


where the firſt figure is the Pinion, - 
the next without the hook, is the 
_ Wheel. fe 

The number of. Turtis, which the 
Pinion hath in one thrn of the Wheel, 
is ſet without a hook onthe right hand: 
as 5)60 (12, 4.e. a_ Pinion 5 playing. 
In a Wheel 'of 60, moveth round I2 
times ig one Turn of the Wheel,” F 
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A whole Movetiert may 


RS: : be noreilithus, 2:15 4 
oJ55Car, * 17: Notehes in the-Orov 


"Whed; "OF rather as' yoo no 
. ſee.chere” inthe” Midigin: _ | 


— where the uppernieſt num- A 
.. berabove_the-lines/is the  - 4 
| - Pinibn of Report * 4; the-- _ 
Diakaobeet | 26;-and'.9 tufns-of "the _ 
Pin; :of: Repott.” The ſecond riunber || 0 
(undef the life) 1 is 5: thi8: Piniory, % # is d- 4; 
the Great-whesl,” and * i7'turns of the” 4: 
Pinion it” river. The thitd: num-- 
F bers; are the. Second-wheel, &c. - 
The founth the: 'Contrits whee], [8 
Ardchbiſt Ie numbes'4 om under all 6 
| own wheel; : | 
LY 4 By.the- $3. before diwink the 
number! oF: turns, which: ahy Piiion ' 


hath in 0:32 elf of the Wheel it work-- = _ 
etly'ih; you- may-alſo find: out how-- - 1 
nharnk teri 5s 4” Wheel or Pinion hath,.. } 
at a! !greater diftatites as'the Contrate. Teo” 


wheel: \Growtr whee); fr Oc,” 
| Fort .is but- niuſtiplying” t6+ . By the Quotients 1 * 
getherthe 'Quotients, andthe” omg A _ * 
umbver © bf 
number produced.is the num= Turns; which num 
ber of 'Turns, - An'Examip SET LC 
will make what Tay: PA £ © 7igtit and, withour © || 
let :usichufe theſes 731 © a hook, as is ſhewn || 


. g i in the. laſt Para- 
J turmbers het, 12 graph. Which 1 nore 


ſet down ; the $)45r here now Once bor 
ak of which Y L 40(8 _ 
B5- . hath. - 
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bathe turns, the. next 9, and the | 
If you wultiply IL and 9 it | 
preduceth. 99, for.'9 times 11 is T9, 
_ thatis, in one turn of- the' Wheel-55, | 
. there are 99 turns of the ſecond. Pit, A 
on 5, or the Wheel 40,. which runs} 
concentrical,or on the ſameArbar with | | 
the ſecond Pinion 5. If you avail gy Z 
99 by the haſt Quotient $ (thatis, 8 | 
times 99 is 792) it ſhews the number of 
eurns, Which the third and laſt Pinion |} 
| c hath. So that this third, and laſt | 
Pinion turns 792 times in. one-'turn of | 
| the firſt Wheel 55. Another Exam: |, 
— ple.will make ir ftill more | 
8)8o(10. - plain, 'The example is in |; 
G)5alg the Weg: - i'Fhe (turns 
5)40(8., are 10, 9. and. 8. ' Theſe jj 
we multiplied as before run | 
thus, viz, 10 times 9 1s 9o, | 
that i is, the Pinion 6 (which 3 
1s the Pinion of the third - | 
Wheel 40) turns 90. times in one'turn || 
of the firſt wheel 80. This laſt/pro- || 
dy& 9o being. mulriplied by 8, pro- |} 
duces 720 3 that js,the Pinion 5( which 
is the Pin. of the Crownewheel 15) 
turns 720 rimes - in one turn 'of the C 
_ firſt-wheel, of 8 teeth. 4 
) 5. We may :now proceed. to that, 
which is the very groundwork of all ; 
which is,not only to find out the turns, 
but the Beats alſo of the Ballance in 
thoſe turns of the Wheels, By the 


laſt 
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Sect. 1. for Calculation. © nt 
* laſt paragraph, having found out the 
number of turns, which the Crown- 
wheel hath in one turn of the Wheel 
you ſeek for, you muſt then multiply 
- thoſe turns of the Crown-wheel by its 
| _ number of Notches , and this will 
| give.you half the number of Beats, in 
that one turn of the wheel. Half the 
| Number, I ſay, forthe reaſons in the 
| | following 6 $: For the Explication of 
| what hath been ſaid, we will take the 
example in the laſts; the Crown-wheel - 
| there, has(as hath been ſaid) 720 turns - 
' to: one turn of the the firſt+ Wheel : 
This number multiplyed by x5 (the 
3 Notchesin' the Crown-wheel, ) pro- 
% daceth 10800, Which are half the 
| number of ſtrokes of the Ballance, in 
| one turn of the firſt wheel 80. The 
i like may be done for any of the other 
Wheels ; as the Wheel 54, or 4o : but 
I ſhall not inſiſt upon theſe, having ſaid 


 T ſhall give but one Example more, 
4 which will fully, and very plainly il- 
{ Jluftrate the whole mat-. _ 

3 ter. Theexample is in 4)32)8 

A the Margin, and 'tis of ——— 

a 16 hour Watch , 5)55(ir- 
wherein the Pinion. of 5)45(s - 
Report is 4, the Dial- 5)4o(8 
wheel 32, the Great. y———— 
wheel is 55, the Pinion 7 | 
= 


. "_ a. » -*X 


12 *' . + Generd Rides Chin, | 
number. of  Noxches in, the. Crawn- 

wheel are 17 ; the. quotients,or num- | 
| ber of turns in each, are 8, 11,+:9,.8- 
All which being multiplyed. as. before, X | 
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make 63,36.: this number :multjplyed 
by 17, produceth. 197712: ;. which laſt - |. 
{umm ;is half the, number . of Beats | 
- in, one turn. of. the Dial-wheel. The | 


half number of Beats in one turn of 
the Great-wheel, you will find to be }. 
14464 : Far 8 times 17 is. 136, which | 
is the half number of Beats in one turn 
of the Contrate-wheel 49 : andg, times 
136, is 1224, the. half beats in one 
turn, of the Segond:wheel :; and. 71 
times 1224,.is 13464, the half beats in 
one turn of the Great- wheel 55. And _ 
8 times this laſt, is 107912 before | 
named. If you multiply this by the | 
two Pallets, that is, double . it, it is } 
215424, Which is the;numher of bears 
in one turn of the Dial-weeel, or 12 
hours. . If you would know how ma- 
ny beats this Watch hath in an hour tis 
but dividing the beats in 12 hoyrs,: into 
. 12 parts, and it giyes, 17952, - the train 
Sir 7. Moir of the Watch, orBeatsir. an hour. If you 
Mar.Com. divide this into 60 parts, it gives 299. 
"1-9 andalittle more, for  the- Beats in-4 
minute. And ſo you may go on to 
teconds and thirds,if you pleaſe. 
_ ThusT have delivered my thoughts 
| _: 


quick. ſighted] 
words; my. deſire. to. inſtruc the tnolt 


|  eule.. 


"—bldaly Fe ping that]: may be well © 


underſtood ; "this being: [the'yery foun: 
Jation; of. a all. the artificialpart ofClack. * 

work... And therefore let the. young 
pradtifer exerciſe himſelf thorowly. i in 


. it, :1n more than one example... 


*Tf1 have offended the more learned, | 
cader, by uſing'many 


ignorant Artiſt, muſt JO: my Go 


:-$;G: The Ballance: or Swing hack Ibid. 


_ two ſtrokes to every tooth of the p. 116. 


Crown+:wheel, For each :of the two 
Pallets hath its.blow againſt each tooth 
of - the Crown-whegl :-- wherefore / a . 
Pendulum:that {wings Seconds, hath 
Its Crown. wheel only: ad teeth, 1. 
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Ts way to Calcdlate; or P*oru My the 
Number & * 4 recs of W. atcb-wark. F + oe 


Mn Aviog in; the laſki Setion led on 
4 the; Readgr-to 4i.generab knows 
ledge of Calculation ; I may now veri« 
ture him furthe rant themore-obſcure 
and uſeful parts of that [Art :: which T 


Thall _— with all-peflible plainneſs, 
_ tholefs brevity,. than I-could with, 


$7; 


14 Calculation of . Cle 2 © 
Oughtred s 1, The fame motion' may be per- 
_ SEM: - formed either with one-Wheel and one 
*'+ Pinion; with by manyWheels and many 
Pinions* provided that the number of 
— turns of all thoſe Wheels bear the ſame. 
_ ©  - proportion to all thoſe Pinions, which 
that one Wheel bears to'its Pinion. Oc 
- (which' is the ſame thing) that the 
number produced by multiplying all. 
the Wheels together, be to the number 
produced by multiplying all the Pinions 
' together , as that one Wheel '1s to that 
\- _.-- one Pinion. "'Thusſuppoſe - - 
28)1440 you had uſe for a Wheel of 
4... T1440 tetth with a Pin. of 
See Set. 1,28 leaves, you may make it into 3 
$ 3- Wheelsand Pinions, viz. 4)36, 7)8, 
 1)5. For if you multiply the three 
Wheels together, viz. 36, 8 and F; 
and the three Pinions. together by. 
themſelves, vis. 4, and 1, you will 
find 1440 to ariſe ? ar the Wheels, and 
28 for thePinions.Or. if you try the ex- 
ample by the number. of turns, it will 
be the fame. - For 28) 1440 (51 5, 
And the quotients and turns of the; 
Wheels and Pinions multiplyed toge- 
on are Fl 3alfo, as inthe laſt exam- 
4 ke: 
: It: matters not in what order the 
Wheels and Pinions are ſer, or which _ 
Pinion runs in. which Wheel: Only 
for convenience ſake, they commonly 
et 


Seft, 2. Watch-Work, | > "WY 
ſec the biggeſt numbers to..drive the | 
+ $.2. Two Wheels and Pinions of 0ughr. ib. 
different : numbers may perform the 


ſame motion... As, a Wheel of 36 
drives a Pinion of 4, all one asa Wheel 

of 45 drives a Pin. of 5; or asa Wheel 

of 90. drives a Pin.: of 10, The turns 

of each are 9. $ {8 TEE 

$3. If in breaking your Train into 
'parcels (of which by and by) any of 
your Quotients ſhould. not pleaſe you ; 

Wl or if you would Mey any other two _ 

WM dumbers. which are to- be multiplyed 14: Ws 
Wl together, 'you , may: vary them by this 

__ MW Rule Divide your two. numbers by 
any two .other numbers which will 
meaſure them; and then multiply the 
Quotients by the alternate diviſors, 
the product of theſe two laſt numbers 
found, ſhall be equa].to the produdt of 
the two.numbers firſt (given. . Thus if 
you would vary 36 times 8, dividetheſe. 
by any two. numbers that will, evenly 
meaſure them, as 36 by 4, and 8 by 1. 
The fourth. part of 36 is 9, and 8 divi- 
ded by 1 gives 8. Multiply 9 by 1, 


the produ@tis. 9 ; and 8 multiplyed by 
- -4produceth 32. So that for. 


'9. 8 36 times 8 you ſhall have 
36 x © f ung 32times 9. The ope- 
4 IT ration 1s in the Margin, that 
32 Xx 9 you may ſee, and apprehend 
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| Clenlation ay a wie 


= it; the" Hobinor: : Theſe. Nut F ers are 

, Di equal, viz. 36times $ is equal to 32: 

ximes' 9 both producing 288,” "It you | 

divide'46 | by 6, nd 8'by 2; and multi-- - 

ply as before is faid, you wilt have-for 

os 24, times I2, equal! to. 288: | 

7: : 
If this Rule fam. to the: avrkilfil ; 
Reader hard to be underſtood; lethim? 

ot: bei:diſcouraged; becauſe He. may il 

do without#it,-.altho: ic:may bt of: 2ood | 

__ uſe to him char would be a more com-' " 

pleat Artift. / EF 3 

+» $4: Becauſelin: the: following) Para- 

_ "graphs, Ifhall have'Frequent ocoaſion- 

 --t6' ufe-- the/Rule'of The T Rule of: 

Proportion, it will; be-rzcefſary 'tos 

ſhew the unskilful Reader bh F\ rro-Work 

this noble Rute, ff -- 

' If you: find 5'or! 4 pumnbers thay ſor, 

with: four. fpots--after - the ſecond of 

theth;' "tis the;Rule of Proportioni: 

as:in- this example;': _— 2216; 18,467 As 27 

i8/t0243 :|S0 is:4/to#677/ nun ow2 og 7 

- The way-to work this Rule, vie by* 

the's firſt numbers to? find' a fourth; 

- is; toimultiply: the ſecond'nunibey and” 

this thitd.' together, and: divide© their: 

produd- by” the firſt. Thus 4 times 3. 
142; which:12 dividediby 2," gives 6'; 

which® the. num ſoughtfor) and 

ſtands in' the fourth-place. 
_ You will find. the great uſe of this 
Rule 
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it in mindall along. - 

. $ 5. To proceed, If in ſeeking for 
your Pinion of Report, . or by any other 
means you happen tohave'a Wheel and 
Pinion fall out with croſs numbers, 
too big to be cut,in Wheels, and yet 
not to be altered by the former Rules, 
you may find out two numbers of the 


ſame, or a near proportion, \by, this - 
following Rule, viz. As either ofthe 2 79. 16. 


numbers given, is to the other :.: 59 
is 360 to afourth ; Divide that fourth 


I2, IF. (each of which numbers. doth 


tient neareſt to an integer (or whole 
nmuber. ) Thus if you had theſe: two 
numbers, 147 the Wheel, and 170 the 
Pinion, which' are too great to be cut 


common meaſure, but urſty : ſay there« 
fore according to the laft paragraph, 
As 170 1s to 147 53 Or as 147 Is tO 170 :: 


of waa \ $a £” "Sa 4 _—_— a - 
4 . . ns | 


or 147. 170 3: 360. 416. - Divide 
the fourth number and 360 by one of 
the foregoing numbers; as 311 and 360 
by 6, it gives 52 and 60. In numbers 


Fan 


'tis thus, 


Sw —- 


in ſmall Wheels, and yer can'tbe redu- 
ced into leſs becauſe they haye no'other 


79 


«- 


Rule hereafter ;. only take care to bear * 


number, as alſo 360-by 4- {C6 $9.10 


exatly meaſure 360) or by any one. * 
of thoſe numbers that bringeth.a quo- | 


"I >0 is 360 toa fourth nymber ſought. g,, £ ,. 
"© In numbers thus, 170. 147 :: 360, 3171. 


Ibi 


18 


Oughtred , 1. To fi oy 4 
\ Set. 12. # 
_ Sir F.wwrthe Beats of the Ballance in one 


wat; 


| If you divide 360 and 416 by 8,it will 
| 460{ 45! 
316(51 


"SENT... Ci 14rn(39 
6)? 6 03 Divide by 8 'tis thus, $)360(45 


fall out exaaly to be45 and 528 


39 and 45 ; or 45 and 52, or &c. 
0d 6, I Gran add but one Rule more 


before I come to the practice of what 
hath been laid down ; which Rule will 


be of perpetual uſe, and conſiſts of theſe 
five particulars. po 
| what number of turns 


the . Fuſp will have , thus |, 


d. P. turn ofthe Great Wheel'or Fuſy-(ſap-MYE 
109- poſe26928) To the Beats of the Bal-Iſl 
 lancein one hour (ſuppoſe 20196); : Sol 
is the continuance of the Watches 


going in hours (ſuppoſe 16) to the 


number of the turns of the Fuſy 12. In 
numbers 'twyll ſtand thus, '26928. 


20196 :: 16, 12. By $4. you may 
' remember that you are to multiply 
20196 by 16, the produc is 323136; 
Divide this by 26928, and there will 
ariſe 12 in the Quotiert;,which muſt be 
plac'd ' in the fourth place, and is the 
- Number of turns which the Fuſy] hath. 


n " . - | þ -\N - - 
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Wherefore for the. two- numbers 147} 
_ and 170, you may take 52 and 60 ; off 


As 


- 2: By 
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$&, 2._ the Watch-part. 


"uf " 4 
Ms 154T; 


2. By the Beats and turns of the Fuſy, 
to. find how many hours the Watch will go, 
_ TO 

'As the Beats of the Ballance: in one 


hour, are to the-Beats .in one turn of 


l the Fuſy':: So is the number of the. 
turns of the. Fuſy , to the continu- 


ance of the Watches going. In num- 
be rs thus, X ns, 

20196, 26928 ;: 12, 16. ; 

3. Yo find the ſtrokes of the Bal: 
lance in one turn of the Fuſy, ſay, 
As the number of .turns of the Fuly, 
to the continuance of the Watch's go- 
Ing in hours :: So are: the Beats in one 


hour, to the. Beats of one turn-of the 
Fuſy. In numbers it is thus, 


I2: I6;; 20196, 26928, 


i 4+ To find ' the Beats of the Ballaace 


is &n bw , ſay thus, As the hours of 
the Watch's going, to the number of 
turns of the Fuſy :: Sovre the Beats in 
one turn of the Fuſy, to the Beats in 
an hour. In numbers thus, 
16, 12 :: 26919. 20196, 

5. To find what Quitient is to be laid 

upon the Pinion of Report , ſay thas , 


As the Bears in one turn of the Great- 


wheel,to the beats in an hour :: So are 
the: hours of the Face of the Clock 
(viz. 120r 24) to the Quotient of the 
Hour-wheel or Dial-wheel, fivigen of 
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Calotlatith of Chi It | x 
the Pinion of Report, 3; e. the-numberlſſ 


of tarns,. which : the Pinion of 'Re port 
hath in one turn of the Dial-wheel 
In numbers thus, 25s 291453; 
26928, 20196:; 12,908! 

Or rarhor (to avoid troupe Jay thus 

As the hours of the Watch's going, are 
to the numbers of the” turns of the 
Fuſy :: So are the hours of the Face, 
Tothe Quotient of the Pinion. of Re. 
port. In numbers thus, 16.1217 12. 9, 
If-the hours of the Face - be 24; the 
Quotient will be 18 ; thus, IG. 12% 
24, 18, 

N.B.ThisRule maybe made ſerve:to lay 
the Pin; of Rexort-orany other whedl 
thus, As the Beats in one t. of ahy whed 
to the Beats in. an. hour : So: are the 
hours of the Face; .or Dia'splate'of the? 
Watch, to : the. Quotient” of the: Dia'- 
wheel divided by the Pinionof Report, 
fixed onthe. Spindle of the aforeſaid 
Wheel; . 

6 7, Having oiven afull account of 
all things neceſſary to the underſtand. 
ing the Art of Calculation, I ſhall now 

reduce what hath been ſaid into pra- i 
Qice, by ſhewing how to proceed, in 
Calculating a piece of Watch-work. I | 

"The firſt thing. you are to do, is to i 

pitch upon your -Train, or Beats of 
the Ballance 1n an hour : as, |\whither a. 
{wift Train, about 200c0 beats/ which 


is 
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Mis the. uſual [Train of- a, common 30 
 hour.Pogket-Watch) or a ſlower Train 
W.of about 16000 (the Train of the new 
Pendulum Pocket-Watches :;)- oriany  » 
Having thus pitched upon yourTrain, 
you mult next reſolve upon-the num- 
ber of turns:you:intend your Fuſy. ſhall 
have, :and. alſo. upon; :the-nut»ber of 
Hours; 'you would have'- your Piece to 
zo: Asiſuppoſe 12. turns ; and to go 
fl 30: hours;,; or 192 hours ( winch is'8. 
L days)-or Oe | CE ee fo ie 
Theſe things being all ſoon determi- 
ned. ; you:next- proceed:to find out the 
beats of the Ballance,. op Pendulum, 
in one turf. of the Fuſy,.by the laſts 

6. part. 3... </%. As the- turns. of the. 
E Fuly, to the Hours of the Wateh's go-. 
Wing..:: So is the Train, To the number 
of beats in: one turn of the Fuſy. In 
numbers thus, 12. 16:.: 20000. 26666, 
Which laſt number--are the beats in” 
one turn of the Fuſy; or Great-wheel ;: 
and(by Se. I. 5. of this Chap. ) are 
; <qual to-the Quotients of all the Wheels 

_ HYunto the Ballance multiplied . together. 
This number therefore is to be broken 
into a convenient parcel of Quotients: 

E which you are to do after this manner. 
Firſt, half your number of beats, wiz. 
K265666, for the reaſons in Sea. I.Y 6. 
fl of this Chap. the half whereof is 1 333 3. 
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784 will be one of them.) T 
the number left for the Quo 


ſuppoſe you take 10, 9, and gy. Now 
ro times 9 is go ; andg times go is 810, 


which is ſomewhat too - much. You 
may therefore try again other.numbers, 


as ſuppoſe 1r, 9; and 8, Theſe multipli- ; 


edas the laſt, produce 792, which is as 


2 


near as can be, and convenient - Quo-_ 
_ Thus you have contrived your piece, 


from the Great- Wheel to the Ballance. 


But the numbers not failing outexaRtly, 
according as you at firit propoſed, you. 


muſt corre your work thus, Firſt, to 
findout the true numberof beats. in one 


turn of the Fuſy, you muſt multiply 


792 aforeſaid, (which is che true pro- 


duct of all the Quot:i2::ts you pitched 
upon,). by 17, the notches of the. 
Crown-wheel ; the product of this is 


w# 


13464, 
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Next you are to'pitch upon the number 
of your Crown-wheel, as ſuppoſe 17. 
Divide 13333 by 17, the Quotient 
will be 784. (or to ſpeak in the language - 
of one that underſtands not Arithme-. 
tick, divide 13333 into 17 parts, and 
his 784 15. 
' Quotients (or 
turns) of the reft of the Wheels and 
Pinions : which being too big for one 
or two Quotients, may be beſt broken 
into three. Chuſe therefore 3 numbers, 
which when multiplied all together. 
continually will come neareſt 784. As. 
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13464, which is half the number of 
true beats in one 'turn of the Fuſy, by 
Sect. I. F F. of this Chap. Then to 


| find the true number of beats in an 


 F hour, ſay by F 6. part 4. of this Se. 


J As the hours of the Watch's going, Vit. 
£16, to the 12 turns of the Fuſy :: So is 


| 13464 the half beats inone turn of the 
| Fuly, to 10098 the half beats in an 


| hour: the-nunibers- will ſtand 
"12 : I 2464, 10098, 


thus 16, 


Then'to know what Quotient is to 


be laid vu 


; pon the Pinion of Report, ſay 
byY 6. part 5. of this Sea. As the 
| hours of the Watch's going, viz. 16, to 


the turns ofthe Fuſy, viz. 12: : So are 


the hours of the Dial-plate, viz: 12, 


[fo the Quotient of the Pinion of Re-. 


cant al. oo 


5)45(9 


$)4o('8 


LOO EY 


17 


55(17- 


[port fixed on_ the Great-wheel, In 
numbers thus, 16. 12 :: 12.9. 


f 4)35)9 


Having thus found out 
all your Quotients, 'tis eaſie 
to determine what numbers - 


your Wheels ſhall have : for 


chuſe what numbers your 
Pinions ſhall have, and mul- 
tiply the- Pinions by their 
Quotients, and that pro. 


_ diceth thenumber for your 


Wheels, as you ſee in the Margin. 


Thus 4 is the number of your Pinion 


of Report, and 9 its quotient ; there- 


fore 4 times 9, which makes 36, is the 


number 
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ootabys 4: or the Dialwhedl. '$ the 1 
- .-- mm Pinion beings; and its quotient mM 
K | IT, this eli Wer produces's5 forthe. 
l- $3] wheel.” And the like of the reſt. z 
of the Slowing numbers. N 
"Thus; as plain as'words cat! &x pies F 


nujnber of a 16 hour Watch. q 
; 0. - ql '$ 8. This Watch may be made. to. 20 BH 
PF ; # | 
EF a longer time, by lefſning the Train, | 
and : altering, the Pinion . of 'Report, 
-..- ofe you could conyenien 5 y ſlacken . 
the Train to 16000, the hal | 
”-= bwop, Than by WY eEY, pat 2, of this ol ] 


43 es £7] 12, &4 
20. bo. chat this Wacch will g0 20 | 
hours... -... C | 
"Then for the Pinion of Report, fay, I | 
by the ſame $s,part 5,As (20 the conti-' 
- nuance 3)To 12 (the turns of the Fuſy ):: | 
|  Soare 12 (the hours of the Face,)To 7, | 
f the quotient of the Pinion of Report. 
in - In numbers thus, 294 I2 5 3.12, Wi . 


ee) 
” A. 


© it; I have ſhewed how to.calchlate the ' 


of-which | 


"$a. 2. | tlc pir: Mm 
| i Theiwork's the! Tamens _ 


I > "_ «only te Diabtteel conc : 
Defiers! ia8, becauſe! its quotient.is | 


| 2:4 CI  aketed. 07:5 as appears In 
&(8''-:- the: Margin, by the pores 

— : of thework.. 

| EL, ry Rh how givcithe Reader 

} 045) >6he exanile i more, :forithe 
' Taky of fHlewitig kinthe oſcofdome of 

| 'thof wales, noryetleitiennotice . 

6f4 he former operations. Suppoſe = 

pive.nnumbers:ta'aWatchof _ 

66 beats ;an hows, rotas 6 #. | 

| Ties Fe Faly/o $8 176-:bour,) 
(ih 5p pe ra oy el 
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are _ ew 1 in '6fle 
Faces of 
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Pe 


1: rei Oh 124 16 16: xo; 00. 141666. Y 
Half Fry "Taft *i <5 LONG -1 Divide, this 
| 'balPPinto. 75 parts, *and 24167 will be 


-for- the quotiehts. - And 'becauſs -this 


T 7 ber is *raq* big for 3 quotiengs , 
define chife Fa & 3 JO, B, 8, 


ang 83(365% ande3\ bfths,) ſe 

7 edplicg! "fog NT v4 BY v) Tſe 
"With 17; Fr r$68, which, are 
i half the true beats in one turn of ins. 
Eaſy, "By this you _ &ro find out.y oy 
wt mp RET» tres 
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-and | Pinjon- ;_ theJower is abe: Pinion. 
of Report, and.the-upper is the. Dial- 
Bo waeel YR Hogs 4b, 
you: ny thoſe £wa. 


which does Ie 
and Wheel, inthe way I have hitherto | 


-Pinion-: ob Report, 
. So. 12 tO +55. , Which F 


Wh bur.ſecting.the 344 (the divi- | 
*dend) oyer-170, the Diyiſor) and there 
_ atifathhisfraftion 154, which a beel 


) of of 0 


their: > roar 
oy 


Foie, and 


mage uſe of. . 


aac ed, as you ſee a like exam- 


at 


6)6o(10 <;, ſa 

lay, as 144-15 tO 1707: 
ED . So is 360, To..425. Ora 
b (6 170, to I44c: Sois- 
5 $/33(6> To. 305. In 
144. 1703; j: 306: '425- Or 


17 170. I44 3; 360. 305. Di- 


vide 360, and either of 
thele two fourth and laſt numbers by 
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 erua:Tre rain firſt;-ſaying” in the former 
. exafaple, as 17940 22:33:50 71898; to | 
1:3b69 3-Mhich:laſt js the'half of the true 
i "Fraino:of your|Wateh.,; Then: fas the | 
ſay; 4s 170 $0,147: 
ration; arileth 

thus: If you multiply 12 by 12it makes 
7 $4; -Giyide::244 by 190, you 


aa nn Leen rnd a ts. Roe. 


059 70). 44, 


" Bur-t0. proved. \ Theſe numbers 
£00 ig. to. be, cut.jn_ 
" Cmall Wheels, may bevart- 


ple is F y. of this Sedtion, 


onnbers t 2 


3 | " Fa - * "= $43 _ , | Co Y 
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Tee 


x tho gughers of che whole movernetic 


your. ber Lak into 60 parts. 


{| hour, and the Sect nd-wheel once ina 
minute, 


i By Mr Smith's Tables, a Pendulum 


This divided by 60 gives 156 beats for 
Ta minute, Haif the 


1 'F. " ' dy % 
x > £ IOW 94"? # po Ge» © -_ 
4 ? AL i 2% , 
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ted. in the 


vide. by 's, 
is 285 4 


; If you divide by 'x5.( (whic| will - 
oth ring it ſo near an integer) 2 big will 2 

or £3 : which laſt are FR ; "I 
bers er down in the Margin ; where 


'F 6, 8, &c.. (as is direc 
ale laſt cited. \if F you” 
2. will haye-for 'QUr We 


[fad (Fond, 1 


JENS = 


And accordingly'you are to find out 
ſuch proper numbers for, your Crown- 


whe 


nute-wheel 


lu AY 16 


"< uotiehts, as. that the Mi- 
all' go round once in an 


 An"Example will make all plain. 
Let us chooſe a Pendulum” of s inches 
togo 8 days, with i6 turns of the Fuſy. 


of 6 inches vibrates 9368 in an hour. Horol. 


iq. 
e ſumms are 4684 6 
and78. Now the fiſt wo;k is to break 5A, ,, 
' "BW . : "ths S. 6. 


" Cacilation bf "Ch: VW. 
nt 6 Hroportiort 4 "whit 
*wHlt alt jitb noly "Rign ae Abe's e 
"Cf6 hy or "Fir \: for” the! C oWwh- 
. WREE D& "fe it havers noretics. . Divide 
ii / Afofeſaid by this 1 n the quorien 
Will. be 5. 20M this firſt 'work is 
DN : foe a, © zel-of Ty AN 
_ —_— Whed 4 Es Kl 

8) of 5,. quotzenf as tl t 
By :: " aho) V WAL Y | round ina 


s SS £©Y 
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s OR — 
text fora fant to 86 mewy in ah 
TY to thew;,  pinuees,” mnt, becauſe 

re 69 nihuites i oor, " "ths 
; ef i F |, [> reaking '66 "into in 
6448 dod cates (which ma ay 
ob 20. and 6, or 8,and 7Z 


ON 


RO” _ 0/00 74 | 
= 8)4c'5;. Bot &%) and! the. woik F 
| — . donea_ ay 
rope _ 

ing oper Op met act fall pot 6 - 

actly into .the. above- mentioned num: | 

'S; You myſt correct (as you were di 

d. by fore). and find out. the. true ll | 

number.of beats in an, our, Þy ity}; 

' Gplying xx. by 5, which makes 75 ;l 

Tn and. this by 60 makes 4590! which 1 7 

{--- the half of the\. true Train. Thea to 


VR turn of the 
re, E, ViIR, As 'the 
NUNRI- | 


. tind'out the beats 3 
, _, Fyſy, operate as Þ 


f her- oft turns, IG to: es Py 6. Par 
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ance 192: : oj. So.is 4 4509 fly 500,7Whigh, 3. 4 
are; half the” bens :in-one;turniof che. 
Fafy 2: It numbers cls, AbmiJ2g th, 
45ÞF. F429; {I his-:5 4909, mult 18: At=:; 
{| videdby: 4590-Which: are;the* true Matt: 
bers. alreaty, pitched! upon, -:or:heats 1; - 
at hour. ; The,quotiert of this diviſion. .. 
is 32, Which being not; cop big: farone.. F 
ſingle-quatient,. needs RO0t'_: fv 25cm 
be divided jpio;more. Fhe(] 9) makin: 
work: witlitand. {as youſes:: 8 S4{B19'2 
infehe Margin» i! > 0w1 080 hag 
As, to 2:4, Hour: hand, the / B)-49(F. . 

Great: wheel, which pers, —— _ 
farms-only:; 018: revglution. «©: LE - 
in 32, eufns of the; Minute='; 
wheel: Will they; the hour;.1, Or rather : FT 
 you-r may: order. it:itq, bes done. by.the 
Minute: wheel, as ſhall be ſheweqhere: 


conds. to ſhew the hour, minutes,,and-? 
ſeconds,” and: to--go- 8 days ; jwhichils 
_the;.uſyab: ————_ apa Move: 
ments called Roy Penduluys az this day: 
Firſt, [gaft up-.the number.-of-{ ndagy ]. 


in 12houts Cwhich arethe beats inons: 2 ibid 
D *heſe are f+ 116. 


turn of; the- Greatawheel;;)- 
I2 | times 69 minutes, 4nd 60 times.thar, 
Cc 4 TVS 
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| Pives- 43200, which are: the ſeconds in i 


I2 hours; Half this number (for the 


L. 7 wp reaſons before) is'21600. © The Swing- - 


wheel” muft needs be. 30 to ſwing 60 - 
{ſeconds in one of its revolutions. - Di- 
vide 21660" by it, and 720 is the quo- - 
tient, -ornumber left to be broken into 
quotiente, Of theſe quotients, the 


fift muſt needs -be 12 for the Great- 


wheel, whict "moves round once in 
IF houts:.- Divide 720'by 12, thequo- 


tient 5605 which may be conveniently 
 brokdy» into ewo quotients; as To'and 
6, Or 5:and: 12, or 8 and 74, which 


- --— laſt: is moſt convenient. il 


81g96(12 And 'ifyou take all the: Pi- 


8/6054 *'— ſtand as in the Margin. - © 
2.420" tation ,. the Great-wheel 
will go about once in 12 


% 


| houts; to: ſhew the hour, if you pleaſe: 


theifzegndawheel 'once? in anchour,” 


tofſhew'tigihinutes 3'and thei Swing- _ 


wikzeF-Briee ina minute, 'to ſhow:-etie 
(eb08hds; v1 of 1 by 209 
all \rer | ible: plainnefs, to unravel 'this . 
maſt 


* 


myſterious, as:welt as uſeful part 


. offended the more: learned Reader ; 
- by unartificial-- terms, or; - multh' 


rude of words,” I deſire, the fault 
e.g Fe on 
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Lf: this part confilts *Y 
£A.. many Wheels and Pinions, 

ifs GU heeds totbe”had only to the; 
eel Srrik 1g-wheel, andDerent-wheet 
Wk MTV ioand in this proportion ; 
The'Count whee) moveth round com- 
monly once in 12, or 24 hours. The 
Detent-wheel. moves round every ſtroke 
the Clock ſtriketh; fometimes but once 
in two Rrokes:” From whence 1 it fol- 
ws If 


Thar as many Pins as are in the. 


Pl-whoel: fo many turns hath the 
Detent- wheel, in one turn of the Pin- 
wheel. Or ( 'which is the lame) the 
Pins of the Pin-wheel are the quotient 
of that Wheel, divided by the Pinion 
of the Detent-wheel, But if the De- 
tent-wheel moveth but once round'in 
ewo ſtrokes of the Clock, then the 
faid Quotient 3 is bur half the number of 

Pins. 

2. As many turns of the Pinwhest as 
are "required to performthe ſtrokes of 
T2 hotirs {which are 78) So many.turhs 
mult the Pinion of Report have, to- 
C 4 turn 


*: wy , 
CEPY S'*.. P 3 


4 by | % ; - "i : 
0 . ,” { —_ 
| | 
A. mm 
turn: round the o 
. +> 


we-whagh on by 
thus r ot 


Divide: 70 by She. gp 


ing pins, and the Quotient thereof || 
ſhall be the Quotient, fqr>the Pinion | 
| of Report, and the Count Wheel. All 
_ thig. is; in... caſe .. the. Pinion of "Repc 
be xed to the arbor of the Pin-wheel, 
45 15 very -common]y done. '' , by : 
. All this: I-take to; be. very. Plain': or 

ibis by not, the. example intheM 


gin; will clear. all. diffi-, 
8)48 " "#9  culties.: ere.the Lock... 
— ing wheel is 48, the Pi- 
6)78(13 PR nion of Report 1s 8; the 
CG IO. . wheel i 15..78,, .the 
&)45(8.. -. . Striking- Pin a9. Ls i 


.;Agd ſo of therelt Inced; 
| only fo ENS, here, MSN ay Wi. 
vided by. the 13 pins, gives. 6; which is 
the;Quotient of the Pinion of Report: 
as was before hinted. 

As. for, the Warning-Wheel. and Fling ll 
Piniow, K -matters.lictle what numbers || 
they, have, i-theiriuſe being only t co bri= | 
dls ithe, rapidiry ofthe motion of the 
ather Wheels. | 

| Befides the laſt obſervation, there 
are. other ways. to find our the Pinion 
of Report, which will fall under. the 

| next. $,:. 

$24 Theſe following Rules will. be 
of great. uſe.in this. part. of. Calculati 
ON, Viz. POD 


Rul, e 


Logos? Kod df 


J ; bad FF AS p 7 Kay 7 LOR” | =o Lb EE + Ch n 
be WEE? ; ! 
©; Ks . ” 
» —_ 
c . / 
. 
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6 | Bala goTh: ry find  Erokes| the: 
Clock irik h drove turn of rhe: "04 Bara 
_ reli&sthartimberof turns: of thoGreat- 
| _ wheel or Fu Ur [01113 10 SSIS VB; 
: "Tp the days of che: Clooki>contt- 
nuance : F674 
_ 2:25: :$dis the number of. Rcokesin24 
hours, vi. 386,110 (019 vfl3 303 2190 
. Foxhefirokes [in-one-nura of the: | 
Fuly, or Greabawheel..” . ) Gt bi | | 
»3Ralerws Fo find bows many y by alalClkck m_ 
wlll ipoo! 'Asthe 97 he of - Hivhesvirk 1 
24 hours,- which are 156; + + + 
. to- the ſtrokes:in: one euri. oof, he: 
Faſy or Great-wheel; - - 1 96301 , 
_- Fy3i$6:@Sithe! txns.of tis Fuſ Or 
Great.wheel, AER 
-7 'Fe'ths days of the Cluc c£5:COnir 
, Hibk, : or going... - | 
| Rule $: To fond the mumbe;c fon turne "a 
th Keg dye oil ions 
eve *& R bÞ 1; OD VAT CON "145 
F- re ny 6 of 24 hours;vig:x FE 2 
c ETD this Cloths nana 
| *2'Tothenambi 
\ 6r Gichewhieel, i! 


_ ; 


En of theBuly,: 


_ ©/Theſe twblaſb Riles are > of nogreat 
ule tas the feſt. is); but amay ſerve _to- 
Grit ydir work, if need" beg when 

 inbreaRifip'you Stiokes! 1260 Job: tienes) 
Sos of "Ear. reſentlyY'> you *cafitior- 
near the"tris number, * but” a 


- good many- ficokes' Are lefe remaining. 
C5 —— 


| a ( 4 : 
wimay\fiad 
yodr Clock) 


A fort the Pinion = x2 and | 
thei Loocking>whee], ::Hefides wht . ts 
_ Ffaid before Y 1. Inferenceiz.:.; > ,yicl. 
© M4 le:4 "Y ; To vive: whe: To. N of Report.inbithe | 
M —_— of the Great *wbedd. ;As'\the-nuin- | 
ber of Strokes -in- the Clock's continu- | 
ance, or inall;its turns of the Euly, ” 
. To che turns of the Fuſy, {5 1: 1, 
ny. 4 are the firokes in 32 howrsghich 
are 7 DAWG 11 


\ 


Report, Hp upon che. arbor. of the 
_ Great-wheel.. | 
| _* + Burib yan "ould:fix' it 19 any. other 
Ec > Wheel, you may doit this; {4616 before: | 
$ 2 1. bf * Nanted; Wiio;! tc Jo :2donil ac: of : 
7a we. grit 6nd un tha nawber of 
Strokes: in; one tain of the Wheel you 
_ to. fix your Pinion-pf Report 
| pon: (which I ſhall :ſhew, you How, to 

Dy in-the following $ 2 VO. .78. by: 
_ thisinumber;, and me NAUK: beg94ifog in 
the.:{awg! Tent,15-t the; Qu : 10F4 | - the. 
Pinion of Re Dont. !- = TN ; br: _ 5 A 

. Or thus. Takethe number w_ 
in one turn of the Whoel, forthe 1 num: 


$2.9 Fa te Coby 
| ber:of: the: Dition u | 


: vary chdm xeojefies!ar nbe ! 
| 153077 TIM VIISHG 316 
$6 7 ratesae; of -gromt:. 
<< ule; in; Clocks of a-larger continu» 
ance alttiby where they-can de applys-. 
ed; th ep :vWilkindfferendy: n{ſexve all: 
' Rae: the: Rule following which: will; 
 farvelarger:Clockst00) 4 adib chicky- 
for:the:ul8 oflleſfer; pieces, - whole ean-: 
tinuatibe 15-accounted by hours} 2t:. 
 FLThis:Rule is' :t0: fad: the! Rrokevguy py 
1n: the. Clack's: .continuance, : wiz. As 
"IA, 4s; $0.78: : Sore. thi hourkofthe: 
neahdc HT IR 
mr 74 6 
:'This etLE Tn -be as uſe. 
of for the largeſt Clock; -L burthen you: 
 mtuſt- be ar the trouble of reducing the- 
_ Daysi into-Hours... Whereas the ſhore- 
eftway is ta multiplythefirokes in'voe 
- eurnofithe Great-wheg}by: the:number- 
of "Turns ofthe Fafy.:.i This inan.s 
Gay piece, the-ſtrokes- in\'one turtvat 
Thefe multiplied: by. 16, (the- 
Turns) produce 1248.;: which are the- 
- Srokes ta the. Clock's-continhance. - IE 
you work: by: the. foregoing : ruls;: the: 
hours of 8 days are 192... "Ehien lay, 12: 
78 :: -192, 1248.. 
| C2. [n this: Paragraph; ſhall ſhew 
ms ule of the prececedinz Rules, and: 


by 


. Fart 
T2 


be examgh 


tld 'Great-wheebtheoPin-w 


audyowtiare, 


the: numbe 


- - and you have the.number ob/Turns. 
PN Thuisa Clock-of 30:hours-, with IF 
eorhs:of: ths Goednarhtet, c 'hath- q 55. 
ſtrokes: Boo:bycche laſt Rute;2 35S; 
"9 Divide 195" iby-15, ,3t-piv gi 
| 1 UDDEVI 


262: for: ha [ſtriking Pins. 


leon: the-Margus. 
As for the Pi; in, 


theS ri *- 
- But fappols you would calculate the 


 d iſtant from 
are to. proceed thus : Having reſolved 
Upon your turns, you mult find . 

4 | & 


| Calelatic as ©. Y 


SINN £30) 22 " Ty JT: =] 


a eearalng. [Then a | 
heel} divide * 
thels ſtrokes by che:nuinber:;of turns;. 
: of Brrikings' 
pins. Ordividebyehe munberof Pins; 


15)r9f(iy” Or if you chuſs 15 for 
13)195(xF your number of Pins, and | 
— - divide 195 by it, it: 'pives: J 
Pe: 96 'for the: under of- eurns, as you ' 


of Repo ""Y und the ; 
reſt of: the Wheels, enough & faid in 


numbers: of *a'Clock- of - much»longer 
_ continuance; which would 'neceflicace 
you to make your. Pin-wheel' further 
the Great wheel, you 


out 
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amber Fro in one tur of. 
my": | 1 + 
4: Ti 4 | if - ma, 


| [142 days Md Per turns,r6;: 925% + ys” 
NW 212," *(Se the bperation of theſe :num- 
bers it the Rule referred unco.” ) Theſe 
| fifokes fo: found onrvate::the nul Yer” 
| #hich 4s eo be broken>-irie a conveni- 
{Shu parcel of !Quogients,* thils ;” : 
«Diſt FwNy Upon your number of 
fins" 4 vide"the laft named 
idendar' by te :-the: *quotient ariſing” 
IU lence; is to beons.; or mbre quotients, 
for th ob, ads Wheels and Pinions. As in-the* 
B12: : Civide * 58'by 'Bi(cheuſbal 
As 8 day pete) akd the quort-" 
Jet is 9% ; "wioets i is a quotient "Riel 
P-nough.. So-it 'the onth-piece :'if 
{ou take Your Pins 8; divide 312 by it, 
Fehe-quorient-is 39: "Which being too' 
3 bis” Jy one, "muſt be broken into two! 
| ak 26h © quorients , "for "Wheels 
10857 #2 and Pinions, or ashearas 
8 6 "can be: -which may be7 
©)48(8hins -and”5',or 6 and 6 4 
" The latter” is exactly 39, . 
and may tlitefore ſtand: as you ſes 
id the ar ; 
| The quotients being! has determi 
ned, and accordingly the Wheels and 
Pikions, as you fee ; "the next work is 
':; in a quotient- [for the Pinion of 
Report 


«.* gY 


TEES, Tc che 


- the ſtrokes.in ky continganch are 49 
Then; by Ruls::4 ay,1.49g2-: x5 3.76 


the next i5 the- X 
_ too. large, may be varied to- 3&4 or. Wane: 


- made uſe of 


laſt Paragraph. --  Asin-the 1 


fthe Month-piece: \by Rule 6. befe 


ore,! 
9924) 


4992 + or £ 


thus 4992:(3218, - Fhe, fix 
af, wt hich..two- ub [5 is; 


BS Zo E yo be- 


or to-7; Or fs es 


| : fore.  :_ ; 4; y = */ Qi p [it {1 
anthers. of a Monch. - piece, bur. 


by | me, as better il 
ing the foregoing rules ;. I ſhall there» 
re, for the fuller explication of what: 


oa hey £0 


48 72.7 


 efStriking-pins;and fo make theSecond- 
_ wheel. the Striking-wheel: Suppole: 
you. take 24 Pins ; ;. eivide 2.12. by it, 


and the cogane IS 13. Which | is lit- 


. tle enough. for. one. 


8) toal\ y ©" Quotient ; - and may. 
©) 724 2.24 Pins therefore. ſand as 

you. ſee is-*done in 
the Maigin: where the Quotient: of 


A firſt Wheel is 33 In- the ſecond 
Wheel 


Buleqs oh tht 
ioqotgn 


the, F Injen, | 


| | ; % ;;08 


a: pol 


wich bean. faid,. briefly touch upon the 
tion. of t the more uſual.numbers: 
nonly. increaſe the number 


© . ($00 PR cf 99 fan vo 


+ wr a 


a—_as ay _ 


+ wn. a af 222 2 Lo Et) .. 


| IT apa. 
EWheclbot 72: teeth, anÞ.-) $6S 
Hho ces guiotient:+ is; but; x2, tbe 

q DIR £ 6 RaeTRed. -s:Jou le, y F oes. 
[C JN | = pe—ngr wo ſtrokes Fs 


: The: Pinion of; Report Kors: > 4 +4 
fame withthe -laſt, if fixed upon the 
abor.pfche Great-w: wheeh : But ifiyou. 
1 bx: i 08; the.erbar, of the lecond, or 

yah), its; guotiens they i found 
E ; He olnter.2. Qr; by h. 2, Ku (@- F. Vit... 

o | Vide: 78: by '24,:. and the number 
: ailing in the: quotien,is the quotient 
"i of the Pinion, of Report, 
\ 39a. .whic| is 32... The Pinion 

of. Report. then being 12: 
is Count-wheel will be 3A a5 in the, 
hl largin.., 7 F: 
'.-To perfect the Reader i in this part 
& F700 koh , I wil finiſh this Section 


with” bb calcu th of. Year: io 
Ih > Wonels 


anay.be mor bcief yricl 

whe T have nat. rape 
Oregomg rates. -. .- 
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: heels and'Pinir 
on. *- Thels [papa may :be-12-andſ; 
= - {1 ©thakes22445/! whith 
s) - il | Is as near as van"well'ſ: 
78 | 26 pins beir0'148. The'work |f x 
IS thes far” ries: 
wHll and As yot il 
"Beforey < I 
| corre | | 
_ your NT MEN. come From wt co-'ſ| | 
poſed at firſt, becauſethey did noe fall y 
_ out exact, and firſt; for the true'con- n 
tinuance of your Clock t If you multiply || 
T2, 12, and 26 (ke. : he Quotients (and || 
the $ rriking pins) you have: the true number 
of Strokes] im one turn of "the" 'Griltowheil : l\ 
_-. Which, jn this example, 1 make: 2944 || x 
_._ © -Por. 12. times . 121s' 14 md 26 times 
: that, is 3744: Conia, efion E would ] 
Ds kave noted, and.re me! 5.88 © 


| mes, 
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. yi 
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ry 


Bana to'('s, th Nl of tr, 


Cunt; | * Gia 
ortvidre quvileamlas v 


ufeful_at any Reorder ſer he- has 
ttire” of ay *n -of - '©hockiwe Ji 
Having thusehe it e rim of 

eG $'3, Rule'2. y ot 
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Lally, For the Pinion of Report, 
dNit you fix it uporthe, Gt Wark, it. 
VEwill require an exceſlive number : if 
: you fix & ,upon'the; Pin-whes! (which 
, 45 uſual)then by 2. Rule 5. 
I)39 3 ,the, quatjent-.is.353 ang; t 
\ by Pinion, of Kan) being $ Fo 
jo he Count-wheel will be: :39 ; ; 4s You 
TJ ſee-inthe Margin. v4 ot i pact, 

'| But for che, berrye Een 
1 þ ty We # F POR; he Ping MSDE SIE 


_— FF -- WW... 


4 RO 38. oy 2723/3 i; JI Niedns asA 

A Th and;jPinion:.thus, 212)78; and 
"| vary them to lefler numbers by Se4: 2; 
) 'H | "Vit 36)9, or to 24)6 or - the - 
| S 7 :1\ 

Z "hi hink | it REP to fay any thins 

7 of Pockex Clocks, whoſe calculation is 
4 the. Kory | fame: \ With, what : Yann bes 


4 hat the iinlearned 2'F5 may noe 
| think any ching going before difficult, 
| Ineed only to adviſe him, to look 
over .. the working of the Rule of Pro- 
. Portion, in .Sect.,;2- $:4-, , Far, Ithjiak 
to _ be plain, if char be weſLuniſee: 


Is © £ ; . | 
* 'x\ oy by 


Fy , , 
« 4 o * 
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- *” 'Of Quarters ard Chimes, *'' | 
3 en i TT 9 8 jo PoE 13. bftÞ | 
TW He ' Reader will expe: that I 
:& ſhould fay ſomewhat concernin 

Quarters and Chimes : but becaule 
there is little, but what is purely: me-- 
chanical- in-it; I ſhall ſay the leſs, and 


leave tlie Reader to his own invention. 


$I, The Quarters are generally a 


diftin@ part from the Clock part, which | 


ſtriketh the Hour. 
The Striking-Wheel may bethe Firſt, 
uo Clock's continuance. Unto which 
- heel you may fix the Pinion of Re- 
ogy ono Artes Goo 


(as other Locking-Wheels) into 4,8, or 
more unequalparts, ſo as to ſtrike the 
Quarter, and lock at the firſt Notch ; 
the half-hour, and Jock atthe fecond 
Notch, &c. And in doing this, you may 
make it-to chime the Quarters, or ſtrike 
them upon'two Bells, or more. 

*Fis - uſual for the Pin-wheel, or the 


La 


In-theſe Clocks ;- which is eaſily done. 
by ſome jope or latch, at the end of the 


laſt Quarter, to lift up the Detents of 
the Hour-part. 
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The Locking-wheel muſt be divided 


ocking-wheel;to unlock theHour-part 


if 


p Wot vg odio i. . , > « Secs 7 
A 5 a CL _—_ 
- o 4 
. 4a 
" whe OB L » 
bp # s 


+ Seft. 4" Luarters and Chimes. 
8 If you would have your Clock ftrike 


F 


the Hour, at the Half hour, as'well as 
E whole Hour, you muſt-make the Lock- © 


ing wheel of . the Hour-part' double: 
;,-e. it muſt have two: Notches: of a - 
ſort, to {trike 1, 24 -35 Ay Oe. twice: p 
apiece. | ELON 
 $ 2. As for Chimes, I need fay no- 
thing of theLifting-peices and Detents, 
to-lock and unlock; nor of the Wheels 
- | to bridle the: motion of theBarre).Only 
' ] you-are to obſerve, that the Barrel muſt. 
/ { be as: long in turning round, as you 

are in Singing tlie 'Tune it 1s to play. 
' [As for the Chime-Barrel, it may be made 
| [up of certain Barrs, that run athwart . 
| 


1 
F 
2 
e) 
w; 


it, with a convenient number of holes. 
punched in-them, to put in the Pins, 

. thac are ro draw each Hammer. By 
| this means you-may change the Tune, 
[without changing the Barrel. This is 
the way of .the -Royal- Exchange Clock 
- [in London,and of others. In this cafe; the: 
 [Pins,or Nuts which draw the Hammers 
muſt hang" down:'from the. Bar , ſome 
more, ſome lefs, and ſome ſtand up- 
right in the Bar : the reaſon whereof 
 [i5,to-play the time of the Tune rightly. 
_ [For the-difſtance of each of theſe Bars, - 
_ [may be a Semi-breif,,or: &'c- of which 
hefeafter.. EY WOTHREDS W25uG 9T EEE 7 jonny - Vs EEEDS ry | 
"But the: moſt / ufual way is, to have 
the Pins that draw the Hammers,fixed 
- ON 


on the Barre). - For the Werleh, ny 
which Pins you.. may: make ufe of the; 
the Muſical. Notes, or proceed: by the, 
way of —_ on: Bells, "wi... I, 251 
3, 4," O's firſt being far the bet-: 
ter.way, {hall ſpeak of that chiefly,” 
eſpecially becauſe the latter will fall in. 
tobe explained with tt. --* 

And firft,; you are to: obſerve what! 
is the. Compaſs of your. Tune, -or;how:; 
many Notes-or Bells there are from the:: 
higheſt. to:the.Joweſt: . and accordingly ; 

' "yan muſt divide your: Barrel:-from end: 
we, end. : Thus in the examples follow- | 
$5. Ing: ; each . of thoſe - Tunes are 8 
+. notes-in. compaſs; and accordingly | 
the Barrel... divided into; 8: 
parts: Theſe Diviſions are ſtruck round. 
the Barrel, oppoſite to which are the, 
Hammer-tails, —- 

1 ſpeak here, as if there was. only | 
one. "poli t0-cachBell, that the Rea- | 
der. may more clearly. apprehend. what: 

_ Iamexplaining.. But when twp! Notes 
of: the ſame- bound come:together in' a - 
Tune, there muſt be two Hammers to 
that Bell, to ſtrike ic. So that if in all - 
the Tunes you intend to Chime, of 8 
notes compaſs,. there ſhould. happen: to i| 

beifuch double notes oni every-Bell;- 
inſtead of 8, you muſt have 16 Ham- 
mers ; and decordingly you mu divide 
your. 


Het 4. Quarters and Chimes. 


' | your Barre], and ſtrike x6ftrokes round 
''N] .it oppoſite to each Hammetr=tail. 'Thns 
© much for dividing your Barrel-fram end 
"18 to end. FR | 
| In the next place, you are to divide 
>| it (round about) into as many diviſions, 
| as there are muſical Barrs, Semibriefs , 
Minums, &c. in your Tune. Thus 
the xooth Pſalm-tune hath 20 Semi- 
briefs ; the Song-tune following, hath 
24 Barrs of triple time : and ac=- 
cordingly their Barrels are divided. 
| Each diviſion therefore of the tooth 
| Pfalm Barrel is a Semibrief, and of the 
{| Song-tune *tis three crotchets. And 
therefore the intermediate Spacesſerve 
vr the ſhorter notes : as, one third of 
'-4 a diviſion, is. a Crochet, in the Song- 
| tune. One half a diviſion, is aMinum ; 
and one quarter, a Crotchet; in the 
| Pſalm-tune. Thus the firſt note in the 
1 tooth Pſalm, is a Semibrief, and ac- 
| cordingly on the Barrel, 'tis a whole 
dzviſion from to 5, The ſecond is a 
Minum, and therefore 6 is but a half a 
diviſion from F ; and fo of the reſt. 
| And fo alſo for the Song tune, which 
| 3s ſhofter time : the , two firſt notes be- 
| ing Quavers, are diſtant from one ano- 
| ther, and from the. third pin, but half 
| 2 third part of one of the diviſions. 
' | 3Zut the two next pins (of the bell 3, 
| 3 ) being Crotchets, are diſtant fo 
OE many 
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po a 7 (ofthe. Hell bl ifs . 
Mi diſtane from ojlowing 
wiken...... 


"From what + hath beej aid, you ma! 
a chime-barrel 


I | D be repreſented in the Tables follow- 


ing, as,ſtr = th.out at length : or (to 
te T; (Hog: if you wrap ejther 
A Cs ound..a Barret, the 


You may obſerve in the Tables, on 


how the end of each" Table to the be- 


ing, is the diſtance,of two, or near 
- diviſions? £ Which is for a Pauſe, 


need not ſay, thatthe Dots running 


Pins that play the Tune. _ 
If yqu would;haye your Chimes 


corn 


ells, to the Gamucnores ; {o asthat 
tach Bel having the true ſound of Sol, 


I Ls, 445, Fa, you may play any. Tune, 
| with Its BIG and Sharps. Nay, you. 


means, play - both” the 
PO Trebte, 'with:one Barrel: 
wry any 


[ "Ci, 't help it, unleſs I ſhould 
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Gt, % Calculation of 
\, S$BET. £4 
To Calculate any of the' Celeſtial Mations, 


The Motions I here chiefly intend, 
are the day of the Month, the Moons 
age, the day of the Year, the Tides, 
and (if you pleafe) the ſlow motion of 
| the Suns Apogenm, of the fixed Stars, 
| the motion of the Planets, &c. _ 
| $ x. For theeffeting theſe motions 
in Watch work,you may: make them to 
| depend upon the Work already in the 
| Movement ; or elſe meafture them by 
Þ{ the beats of a Ballance or Pendulum. 
WT Ht the latter way, you muſt how- 
| ever contrive a piece (as before in 
| Watch.work) to go a certain time, 
with a certain number of turns. 

But then to ſpecificate, or determine 
the Motion intended, you 'muſt pro- 
| ceed one of theſe two ways : either, 
. 8. Find how many beats are in the 
Revolution. Divide theſe beats by 


| Pinion, which you intend ſhall drive 
| the intended Revolution ; and the 
Quotient ſhall be the number to per: 
form the fame, Which, if too big 
for one, may be broken into more 
| Quorients, Thus, if you would re- 
| pretent the Synodical Revolntion of 
; — the 
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the beats in one turn of the Wheel, or 


Calculation of the Set. 5 
the Moor, which is 29 days, 124 
hours) with a Pendutum that ſwings 


Seconds, the Movement to go 8 days, 


with 16 turns of the Fuſy, and the 
Great-wheel to drive the Revolution, 
Divide 2551500 (the beats in 29 days 
T2 3 hours) by 43209 (the beats in one 


urn of the Great-wheel) and you will 
have 59 inthe Quotient ; which being 


too big for one, may be put into two 
Quotienits, Or, 

2. You may proceed as is dirced 
before, in the Section of calculating 
Watch: work, viz. Chuſe your Train, 


Ch.2 Se6, turns of the F uly, rare theanrtdy &. 


2. 7, 


And then inſtead of finding a Quotient 


for the Pinion of Report, find a num: 
ber (which is all one as a Pin. of Re- 
port} to ſpecificate your Revolution, 
by this foilowing Rule. 

Rule. As the Beats in one turn off 
the Great wheel : to the Train : : So 


are the Hours of the Revoiution, to the 


Quatient of the Revolution. 

Thus to perfom the Revolution of 
Saturn (which is 29 years, 183 days) 
with a 16 hour Watch, of 25928 
Beats in one turn of the Fuly, i 


20796, the Train : the quotient of the 
Revolution will be 193824. For A 


26928, To 20196: : $0 258432 ( this 


hours in29y, andi83d, )Io 193824 


Note here, that the 'G eat-wheel pl. 
3100 
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Ch. I. Celeſtial Motions. 


nion 15 to drive the Revolution work, 


But if you would have theRevolution 
to be driven by the -Dial-wheel, and 
the work already in the movement 
(which in Great Revolutions, is forthe 
moſt part, as nice as the laſt way, and 
in which I intend to treat of the par. 


ticular Motions) in this caſe, I ſay, 


you muſt firſt know the Days of the 


-Revolution, And becauſe the Dial- 


wheel commonly goeth round twice in 
a day, therefore double the number 
of the days in the Revolution, and you 
have the number of curns of the Dial- 
wheel in that time.. This number of 
turns 15 what .you are to break into a 
convenient number of Quotients, for 
the Wheels and Pinions ; as ſhall be 
ſhewed in the following examples, 
$ 2. A'Motion to ſhew the Day of 
the Month. | - 
The days in the largeſt Month are ,,,:,.7 
317. Theſe doubled are 62, which are 5, ;:. 
the turns of the Dial-wheel, waich 
may be broken into the'e two quoti- 
ents iF * and 4; which multiplied 
together make 62. Therefore chufing 
your Wheels aid fintons, as hath 
been directed in the former Sections, 
your work- is done, The 
4)52(155 When and Pinions may be, 
g)2544 as You ics done in the Mare 
: gin, Or if a lirzer . inion 


1 tian 


% 


Calculation of the Sed. 5, 


than one of 5 be neceſſary, by reaſon 
it .is concentrick to a 
4)62(15% Wheel, you may take 10 
Clara for the Pinion, and 4 
.. for the Wheel, as in he 
Margin. 


The work will Ive thus in the 
Movement, viz, Fix your Pin!on 10, 
concentrical to the Dial wheel (or © 
carn round with it upon the ſame Spin- 

de.) ThisPinion To drives the Wheel 
40: Which Wheel has the Pinion 4 in 
4ts center, which carrieth about a Ring 
of 62 teeth, divided on the upper ſide 
into 31 days. | 
, you may, wkhoot the trouble 
of Ds Whee!s, effe&t this motion, 
v;z. By a Ring divided into 30 Or 31 
days, and as many Fangs. or Teeth, 
like a C:own wheel teeth, which are 
caught and. puined forward once in 24 
hours by a pin in a Wheel, that goeth 
round in that time. Th's is the 
, uſual way in the Royal Pendulums, 
and many otherWartches ; and therefore 
being common, I ſhall {ay no more of 
TH 
cr $3, 4 AMetion toſhow the cge of the 
I | RY HTvan, 
om The Moon intfherh her courſe, foff 
as to overtake the Sun in 29 days, and 
a lictle above an halt, This 29 3 days 
i nor regarding the {inall excels) makes 
£9 


| 
.i 
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59 twelve hours, or turns of tl the Dial- 


wheel, which 1 is to be broken into con- 


venient quoti- 

ro)59(59,9 4)59(144 ents: which 
4)4o(10 10)4o(4 may be o, gd 
' To, as in the 

firſt example ; or 143 and 4, as in the. 
ſecond example i in the Margin. So that 
if you fixa Pinion of 10 concentrical 


with your Dial wheel , to drive a 


Wheel of 4o (according to the laſt ex- 
ample) which Wheel 40 drives a pini- 
on 4, Which carries about a Ring, or 
Wheel of 59 teeth, once in 29 Z days. 

Which . Ring may be divided into 29 = 


. parts; or carry an Index to point to a 
circle fo divided, 


$ 4.4 Motion to ſhow the day of the Year, 1d. ib. 
the Sun s place in toe Eciiptick, Sun's Riſing or 
Setting,or any other aunnal mcrionof 365 days. 

The double of 365 is 730, the turns 


of the Dial-wheel in an year : which 


may be broken 

4)73(18X 4J73(185 into theſe quo- 
4)4o(10 4)32($ tients, vis, 18 
F)20(4 4)2olF 4, and 10, and 
| jy” according ro 

the firſt example ; or 18 3, 8, and oF, 
according to the ſecond, So that a Pi- 
nion of F is to lead a Wheel of 20 ; 


which again by a Pinion of 4, leadeth a 


Wh. of 4o ; which 3diy by a Pin: of 4, 


bs aWhoorRingot 73 iv ded 
D 3 INio 


" 


Calculation of the Sed. 5. 
than one of 5 be neceſſary, by reaſon 

it .is concentrick to a 
4)6e( 15: Wheel, 'you may take 10 


get | for the Pinion, and 40 
for the Wheel, as in the 
Margin. 


The work will lye thus in the 
Movement, viz, Fix your Pin!oa 10, 
concentrical to the Dial wheel (or to 
earn round with it upon the ſame Spin- 
die.) ThisPinion Io drives the Wheel 
40+: which Wheel has the Pinion 4 in 
its center, which carrieth about a Ring 
of 62 teeth, divided on the upper ſide 
into 31 days. 

, you may, without the trouble 
of Ro Wheels, effe&t this motion, 
viz. By a Ring divided into 30 OC 31 
days, and as many Fangs or Teeth, 
like a C:own wheel teeth, which are 
caught and puſhed forward once in 24 
hours by a pin in a Wheel, that goerh 
round in that time. Th's is the 
uſual way in the Royal Pendulums, 
and many otherWatches ; and therefore 
being common, I ſhal! {ay no more of 


TH 


C3, 4 Action to ſhow the rge of the 
Avon, 

The Moon finiſhech her courſe, fo 
as tO overtake the Sun in 29 days, and 
a lictle above an half, This 29 * days 
i'nor cegarding the {nal excels) makes 
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579 yon hours, or tarns of the Dial» 
wheel, which 1 is to be broken into con- 


. Cole pr ein n 


_ venient quoti- | 
r0)59(s 579 4590143 ents: which 
4)4o(10 10)4o(4 maybe 5.9and 
© ' To, as. in the 

firſt example ; or 14.3 3 and. 4, as in the. 
ſecond example i in the Margin. So that 
if you fixa Pinion of 10 concentrical 


; wh your Dial wheel] , to drive a 


Wheel of 4o (according to the laſt ex- 
ample) which Wheel 4o drives a pini- 
on 4, which carries about a Ring, or 
Wheel of 59 teeth, once in 295 days. 


_ Which. Ring may be divided into 29 = 
. parts; or carry an Index to point to a 
| circle fo divided. 


$ 4.4 Motion to ſhew the day of the Year, 
the Sun's place in toe Eciptick, Sun s Riſing or 
Setting,or any other annnal mirionof 365 days. 
The double of 365 is 730, the turns 
of the Dial-wheel in an year : which 
_ | may be broken 
a 182 4J73(185 into theſe quo- 
4)4o(10 4)32(8 tients, VIZ, IG 
F)20(4 4)2olF 4 and 10, and 
2b according ro 


the firſt example : or 18 4, 9, and js 


according to the ſecond. So that a Pi- 
nion of F is to lead a Wheel of. 20 ; 
which agaia by a Pinion of 4, leadeth a 


wh. of 40 ; which 3diy by a Pin: of 4. 


ca rieth|about aWh.orRingof 73, iv ded 
3 ' INiO 
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intothe xz months, and their days ; or. 
into the 12 figns, and: their degrees 3 ' 


or into the Suns Riſing and Setting, fo 


For the ſerting on of which laſt, 
havea Table in Mr Oughtred s Opdfontes [ 


0 5. To ſhew the Tides at any Port, © 
This is done without-any other trou- 


ble, than the Moons Ring (before men- 


tioned $ 3.) to move round by a fixed 
Circle, divided into twice 12 hours, and 
numbered the contrary: way to the age 
of the Moon. 

Tofet thisto go right, you muſt find 
out at what point of the Compaſs the 


Moon makes full Sea, at the egy Jou 


would have yourWatch ſervero.Convert: 
that point into hours, allowing for every. 
point North or S. oft, 45 of an hour, 
"Fhus at London: bride 'tis vulgarly 
thought to be high Tide, the Moon at 
N, E. and S. Weſt, which are 4 points 
from theN. and $.Or you may do thus: 
by- Tide Tables, learn how many houts 
from'the- Moon's Southing, 'tis High= 
warer. Or thus ; find at what hourit. is 
High-water,at theFull,orChange of the. 
Moon : as at. Londen-bridge , the full 
Tide is commonly reckoned to be 2 
"un from - the Moons Southing ; or ' 
; of clock at the Full and Change: 
The day of Conjuncion, or New- 
Moon, with a lictle ſtud to point, being 
{ct to the. hour ſo found, will after 
_ WarCs 
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wards, point to-the hour. of 'full Tide. 


TS This is the uſual way; but it. being 
always in motion, as-the Tides are 
not, a better, way my be found out, 
vis. by cauling a Wheel, or Ring to 

| be moved forward, oniy twice a day. 
and to keep time (as near as can be) 
with Mr. Fiamfteed's moſt corre Ta« 
bles. « But this' I ſhall commig. to the 
Readers. .cor:trivance, it bejng. eaſie, 
and more. of curioſity. than uſe, , 
$6, To Calculate Numbers, 10 ſhew the 
| Miation of the Planets, the. flow Motion of 
the "fixed Stars, and of the Sun's Apogeum, 


 Havingfaid enough before that may 
be applied here, and rhey being only 
curioſities, feldom put in- practice, I 
ſhall not therefore trouble the Reader, 
or {well my Book with ſo many words, 
as would be required to treat of theſe 
Motions diitin&ly, and compleatly. 
_ Only thus much in general. Know. 


ing the years of. any of theſe Revoluci-. 


ons, you may break this number into 
quotients ; if you will make the Revu- 
lution to depend upon the years motion; 
_ which 1s already in the Movement, 
and deſcribed $ 4. before; Or if you 
would have it deperd upon the Dia'. 
wheel, or upon the beats-of a Pendu. 
lam, enough is ſaid before to-drectin 
this matter. | 
D: 4 In 
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 Inall theſe flow motions, you may 

fottiewhat ſhorten your labour, by end. I 
tefs Screws to ſerve for Pinions, which 
are but as a Pinion of one tooth, 


Mat.Com, . Sir Fonas Moor's account of his large 
p. 117, Sphere going by Clock-work, will ſuf- 
_ ficiently illuſtrate this paragraph. In 

his Sphere,is a Motion of 17100 years, 


pA 
- 


7 

for the Sun's Apogeurs, performed by 6 ||| \ 
, 

{ 

| 

| 


Wheels, thus, as Sir Fonas relates it ; 
*: For, the Great-wheel fixed is 96, a 
*&nindle-wheel of 12 bars'turns round 

_ ®*xje8 times in 24 hours, that is, in 3 
© hours ; after theſe there are four. 

* Wheels, 20, 73, 24, and 75, wrought 

By endleſs Screws that are in value 

but one: therefore 2, 20, 73, 24, and 

«.-75 multiplied together continually, 
V. Se&. © produceth 78840co hours, which 
1Y4, 5- © divided by 24 gives 3285oco days. 
*<cqual to goo yearr, Now on the 
* taſt wheel 75 is a Pinion of 6, turn» 
*1ng a great wheel, that carryeth the 
* Apogeurm number 114: and 114 divi- 
** ded by 6, gives 19 the quotient :. and 

* gco times 19 15 17100 years. | 
Thus I have, with all the perfoicu- 
ity I could, led my Reader through 
the whole Art of Calculation, ſo much 
of it at leaſt, that I hope he will be 
maſter of irall ; not only of thoſe 
motions, which I have particularly 
treated about, but of - any other not 
men= 
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mentioned : Such as the Revolution'of 
the Dragons Head and Tail, whereby 
the Eclipſes of the Sun and Moon ar 

found; the Revolution of - the rem 

Orbs,according tothe Prolemaick Syſtem, 

or of the celeſtial bodies themſelves, 

according to better Syſtems, with ma- 

ny 'other . ſuch curious performances, 

which have made the Sphere of Archi- 

medes, of old famous : and ſince him, 

that of William of Zeland, and another pe $wit 

of Fanellus' Turrianus of Cremona, men- 1. 17. 
tioned by Cardan : and of late, that 

elaborate pieceot Mr Watſon, late of 

Coventry, now of Lndoy, in her late + 


Majeſties Cloſet: - 
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Toalter Clock-work, or convert 
one Movement into another. 


. 
On a 


T2 Chapter I deſign for the uſe 
- of ſuch, as wouid convert old 
Ballance Clocks into Pendulums, cr 
would make any old . work ſerve for 
the tryal of new motions, or would ap- 
ply it to any other ſuch like uſe. 

$ x. To do this, you may draw a 
Scheme of your old work; and-ſo you 
—= 4 Will 
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will {ce what Quotients you have, and 
_ Whatyou will want. To'doallwhieh; 
there are ſufficient inftrudions'in the. 
preceding Chapter.” A' few inſtarices 
will make all plain! HF 
mn ) 2. Let us chuſe for 'inſtenee an 
- 019 .Ballance Watch to be turned into a 
Pendulum of's inches. The old: work 
is,, the Great-wheel 6, the'Pjnion'7 ; 
the next Wheel 54, the Pinion 6; 
_ the Crown-wheel 19, &r, 
The Scheme of this work is 
in the Margin. The Quo- 


448! I2 


7)56(8 tients and Crown-wheel and* 
6)54{9 2 Pallets multiplied rogerher 
——— Continua ly; produce 2736, 


which are che ſtrokes of the 


by. |, CEA oY 
Great-wheel, by Se. I. $4, 5 of the 
Jaſt Chapter. And by the Quotient 
of the Dia!-wheel (which is 12) it ap- 


round otice in an hour. . Or you-may 
find the beats in an hour, by x. laſt 


in an hour, of the old work, you muſt 

_ next find the Beats in an hour of a 6 
Inches Pendulum, ; which you may do 

— Herol. Di. by Chap» 5. $4. following ; or by 
_F5+ Mr, Smith's Tables, according to whom 


2736, and you have the Quotient, 
which 


\ 


58 Ch. III. To alter Clockwork. ** > 


a aw {| Þ> 


Ballance, in one turn cf the. 


pears, that the Great-wheel pgoeth 


cited. Having thus found the Beats. 


the number 1s, $9358. Divide this by. 


1, Ch. w. TD - c, [ Choke. 


| which, 1sto be added 
2736)9368(3 4 to the Stheme of the 
- ' old work. This quo- 
tient is 3 and i near Las You lee e 1n the 
Margin. 
"The work thus altered; wil ſtand 
as. you ſee in the Margin, 
D48(12 Viz,a Pinion 6, and a con- 
— trate-wheel 21, , muſt be ad- 
7)56(% ded, 
6)54'9 According. to this way, 
6)21{3z the old woik will ſtand as 
— before, only the Crown- 
19 Þ das muſt be inverted. 
2. But becauſe the Crow = 
' wheel is too big for the Contrate-wheel 
(which is unſgem!y) there fore it will be 
beſt to make both the Contrate and 
Crown-wheeis new ; and increaſe 
the number of the Contrare-wheel. 
but diminiſh that of the Crown- 
wheel.” To do which, pitch on 
ſome convenient number for the 
Crown- wheel, Multip!y all the Quo- 
tients, and this new Crown wheel 
number; as before ; and divide 9368 
by it. As ſuppoſe you pitch up- 
on, 11 for the Crown-wheel : if you 


multiply 8, 9 and 1r, the product TW/s Sefte1, 


792; which multiplied by the 2 Pallets, 
makes 1584, which are the Beats in 
- One turn of the Great-wheel, or it an 
hour, Divide 9368 by its and you 

ave 


To alter Clockwork, ' Ch.\t. 
have near 6 for the Quot 
948022 ent of your Contrate-wheet: 
7)56(8 The work thus ordered, 
6(54(9 will ſtand as in the Mar. 

6)26(6 g10. ; 

_ . RO would correct your 

vol work, to find the true num- 
——_- | ber of Beats in an hour; &*, 
you muſt proceed, as is ſhewn Set 2, 
$6, and latter end of 5 7. of the laft 
Chapter, | 

$ 4 But fuppofe you have a mind to 
change the former old Watch, into 
a 30 hour piece, and to retain the old 
Ballance- wheel (which may be ofcen 
done : in this caſe, you muſt add a 
Contrate-wheel ,- and alter the Pi 
. nijon of report. For the Contrate-wheel, 

chuſe ſuch a Quotient as will beſt 
fait with the reft of your work ; and || 
then multiply all your Quotients 2 
Crown-wheel and 2' Pallets together, 
and ſo find the number | of turns in 
the Great-wheel , as before. | Then 
fay by Sect. 2.4 % part 5. before, as 
the Beats in-one turn - of the Great- 
wheel, to the beats in an hour: : So 
are the hours of the Dial; to the Quo- | 
 rientof the Pinion of Report. 

Thus in the old work before ; tothe 
o!d Quotients 8, and 9, you may add 
another of 8, for the Contrate-wheel.- 
Thoſe mult olied, as was now directed, 
make 21888, for the Beats in one fg 
of 
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| of the Great-wheel. And then for 
the quotient of the Pinion of Report, 


| | ſay 1 in numbers thus, 21888. 9368: : 


12. 5. The quotient for the 


6 6); o(5 Pinion of Report is ſomewhat 


)56(8 more than 5, which overplus 
6 5 ral may be neglected, as you ſee 


6)48(8 by the Scheme of the whole 


FIEE Ay in the Margin. 


19 It you defire to know what 


number of turns, the Fuſy 


muſt have in this work ; ſay by the aft 


quoted F, part 1, in "numbers thus, 
21888, 9368 : : 20, 113 almoſt. Sothat 


' near 13 turns will do. 


If you would correct your work, to: 
herd, the exa&t Beats, &c. you are re- 


ferred to directions in the end of the 
laſt paragraph. 


- But ſuppoſe in altering an old Watch, 
you would have it ſhew minutes, as 


, | well as bours; you may do it thus : 
1 | Divide the Beats in one turn of the 
n | Great-wheel, by the Beats in an hour ; 
s | the Quotient will jhew in how many 
- | hours the Great-wheel goeth round 
o | once. If the Beats in the Great-wheel 
- | exceedthe Train, you muſt chuſe your 
Minute-wheel firſt, and wulciply 1 it by 
e | the Quotient found - this will give the 
d | Pin. of Report. Bur if the Train ex- 
| czeds the _ of the Great-wheet, 
, | you muſt chuſe the Pin. of Report and 
: | multiply the Quotient by it ; the pro- 


- Ouct 1s the Minute- wheel. BuC 
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Put. it often falls. out,, that. the. 
Train | and Beats of the, Great-wheel 
will not exa&t}y meaſure one another: 
if ſo, the beſt way is £0 half che two | 
numbers as far as: they - will equal'y | 
admit of halfing; or divide them by 
ſome. common diviſor, and. ſo having 
brought them. to as' {mall numbers as* 
you can, you may ſuppoſe them to be . 
a Wheel and Pinion, and:reduce.them 
to lefler numbers, by: Chap. 2. Sed 2.. 
5. Thus. ſuppoſe you would: make. 
the old Movement laſt mentjoned, a 
Minute-watch ; you may reduce the | 
numbers of the Great-wlieel 21888, 
and the Train 9368, to a Pinion and. 
Wheel 28) 12. by the directions in 
| Chap. 2. SR. 2. Y 5. Which Pin. 
23 being ſet upon the Spindle of the 
Gr. Wh. will drive a Whee! 12 round 
' once-in an hour, to ſhew Minutes. 
Tf (as in the Movements in Ch. 10) you 
make this Wh. 12 drive another of 48; 
concentrical to which, is a Pin, 12 dri- 
ving a Wheel 36 (which Wheel is 
concentrical with the Minute wheel) 
this will carry a Hand round in 12 
hours. | But. 1n this caſe, you -muſt 
place the Pin, 28 on the Spindle of the 
_ Gr. Wh fo as to ſlide round ſtiffly, 
when you turn the Minute: hand to 
 rectitie the Watch. 


$ Fe 


\ 


_ the Fuſy. - 


.'$.5.:I ſhall add'but one - thing more, 
to! whae haehibeer ſaid ini this Chapter, 
and that is- to change the ſtrikigg;part | 
ofthis old Movement, into a 30 hour, 


piece... ; ; 

A Scheme FY the old 
| OE 33: Work is in the Margin, - 
7)56(8 pins . Andto alterit, the beſt 
6)54(9. -:. - way. is, . to double the 


6)zE(8. © number of ſtriking pins, 
_ © making rh6 fixcteempins: 
and: the Hoop: of the: Derene wheel 
double, that the Pin-wheel may ſtrike 
Iwo: ſtrokes, In its going round once. 
'The. Sreareſt inconvenience; here, 
will be to bridle the rapidity, af the 
ſtrokes; becaufe a quotient of (2only;, 
added tothe old work, will be ſuſkci- 
ent: for this-purpoſe : which being: an 
inconvenient number, *twill be neces 
ſary: te: be content with the old num- 
'bers, or (make: more Wheels:and:Pini- 
ons new., than may be thought: Worth 
the while. Toon 
If you wou'd find what number of 
"_ the Fuſy will require; you muſt 
' find how many ſtrokes are ir» 30 hours, 
by- Sect 3.$2.R 6, before. ' Theſcare 
1955 which" divided by the 16 Pins, 
oives lofnewhat more than x2 turns of 


Laſtly, for the Pinion of Report, 


you muſt purſue the dizeRjons in the. 
laf? (id 'Cied p!; :&&, ' 'T The 
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To dlte*Clock-work, Ch. It | 
$)24(fs, The work thus al- 
7)56)8.16 pins- tered, will ftand a1 
Gra © the Margin. 


Ty  foze | the Wheel to and Pimons, or 


. proportion them to each other, both 
Arithmetically and: Mechanically. 
Or the exaR and eaſie moving _ 


Cr. 

oy 'F of the Wheels and Pinions to- 
gether, it is neceſflary that they ſhould 
fit each other, by having their 'teeth 
_ and leaves of the ſame widenels, 'or 
near of the ſame wideneſs. For many 
do make the Leaves of the Pinion nar- 
rower than the teeth of its Wheel, by 


reaſon of their running deep in each | 


other ; which is as if the Diameters of 
the Wheel and Pinion were leſs. - But 
this I leave to thoſe whoſe practice and 
obſervations are greater than mine in 
theſe matters. £ 
$2. To make the Teeth of a Wheel 
and. Pinion alike, the way Arithmetically 
1s thus, Firſt+ you muſt. find the Cir- 
cumference of your Wheel and Pinion.: 
which you may beſt do by the Rule of - 
Three ({o often made uſe of before ) 
—_ = - the 
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> To: $529, Oe. Chiv 
the Rule is thns, as 7 is to 22 :: fo is 
the Diameter to the, Circumference. 
Or more exaaly: thus, as x; 1s to 3, 
{| 1416; : So Diam. to Circum, + 
| - Suppoſe you have a Wheel ofz inches _ J 
diameter, and 6o Teeth, and would fit -— 
to it a Pinion of 6-Leaves, Firſt 7. 22:: 

2. 6.3. Thecircumference of theWheel, 
isthen 6 inches, and 3 tenths of. an 
inch. Then ſay, as the Teeth of the 
Wheel to the circumference of it: tg; ,'1,,,, 
So are the Leaves of the Pinion, tothe Mar. 
circumference thereof. Tn numbers Com. R: 5 | 
thus 60. 6, 3 :3 6.,63, The Pinion  —_ 7 
then is 64 hundredth parts of an inch 
Now to find the Diameter, *tis but 
the reverſe of the former Rule, vis. 
As 22.'to 7 :: So the Circumference 
tothe Diameter. In numbers thus, for 
the foregoing Pinion, 22. 7 :: 63. 2: 
The Diameter then of the Pinion muſt 
|. be two tenths of an inch, to fit the 
aforeſaid Wheel of two inches Diame- 
=—_ | _— 

$ 23. But becauſe this way may be 
difficult to perſons una cquainted with 
| Decimal Arithmetick, which is «ery 
neceſſary here; therefore [ ſhall ſet 
down a way to doit Mechanically, Ha- 

ving drawn a Circle, divide into as 
many parts as you intend Leaves in the x 


Pinion you would ſize. From two of 
_ theſe 


, ty q MER ” 
0 = Me + £4,909 


at ithe ſame width-.on. theſe Radii, 
Mark: where this agreement is, and a 
ſmall circle drawn there, will repre- 


ſent the circumference of the Pinion 
bars. he: after. 


s & 1 | 


Of Pendulums. 


Mong all known Motions ; 
» none meaſureth Time fo re- 
oularly, as that of a Pendulum, But 


yet Watches govern'd hereby are not 
fo perfe, bur that they are ſubje& to | 


the variations of weather, foulneſs.&c, 


And: the ſhorter and leſſer the Pendu- 
Jum is, ſo much the more ſubje& tuch | 


| Watches are to theſe annoyances. 
There are two ways.to-obviate theſe 
| Inconveniences in ſome meaſure» One 
way, 1s, to make the Perdulum long, 
theBob heavy,and. to vibrate but a little 


way fromits ſettlement, W hich is now. 
the moſt uſual way in England The 0- 


ther is. the contrivance of the ingenious 
Mr. Hagen, which | is, to make the up- 


per 
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theſe pointsin the Cirale, draw: two. 
1ines: to-the Center : to which apply 
two of. the Tecth-of.your-wheel, guid» 
ing hom up and down until they touch | 


id 


| Moor 6 
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per part ofithe rod, play between two- 
cheek _ of the Cycloid, Sir Tonas 
{ays, thac atter ſome time; and- 


charge! of Experiments, he believes 


this -latter to be the better way, And1d. ib. 
Mr. Hugens:calls it admirable, Rule 3. 


It any deſire-to know how to make 


thoſe Cycloidal Checks fit to 'all Pen- 


dulams, I refer him to the aforeſaid 


Mr. Zulichem's Book, becauſe I can't 2* Hero). 
Oſcil. p.10, 


II, 13. 


ſhew how to doit, without-the trouble 
of Figures ; and- this way is: much 


| ceaſed, fince the Crown-wheel me- 
{| thod - (to which it is chiefly proper) 
is ſwallowed upby the Royal Pendu-* 
—_— 0 
| $2. Another thing to be remarked 


in Pendulums-is, that the greater the. 
Vibration js, the ſlower it is. | For if 
two iſochrone Pendulums do move, 


|| one the quadrant of a circle,the other 


not above 3 or 4 degrees, this latter 


ſhall move ſomewhat quicker than the 
former.” Which is the true reaſon, 
why ſmall Crown wheel Penduiums go 
faſter in cold weather, 'or when foul, 


than at other times. Yea, in the beſt 
Royal Pendulum, if you put a divided 
plate behind the Ball, and obſerve its 
{wings, you may perceive the vihrati- 
ons tobe ſometimes ſhorter ;-and-that 
then- che Watch. doth. gain too- much. 
domewhat alſo may perhaps be at Fins: 
| | £ EC 
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Machina 
 Pneumat, 
Exp, 26. 


dulums, *tis neceſſary to fix upon ſome | 


Thid. 


Ibid. 


_ each ſtroke. 


which I have not yet had an opportu- 
nity. of oblerving, by comparing with 


_ a good Baroſcope, the various vibrati- 


ons of a good Royal Pendulum. But 


Mr. Boyl {ays, that a Pendulum mov- 


eth as long, and as faſt in a thick me- 
dium, as a thin one, contrary to the 


opinion of fome Naturaliſts, who 
think the contrary. His opinion. is 


grounded upon the experiment of a 
Pendulum vibrating in his air-pump, 
the air ſucked out, and in the open 
air ; Wherein was no alteration. - 

. C 3. For the calculation. of - all Pen- 


one, to be asa Standard to the reft. I 
pitch upon a Pend. to vibrate ſeconds 


- 


Mr. Hugens lays down the length of 


a Pend. to ſwing ſeconds to be z feet, 


3 inches, and 2 tenths of an inch (ac- 


_ cording to Sir F. Moor's reduRion of it 


to Engliſh meaſure.) 


, 


* The Honourable Lord Bruncter 
(faith Sir Foras) © and Mr. Rook , 


* found the length to be 39. 25 inches, 
which a little exceeds the other : 


cc 


* and may be,was juſtened by Mr. Hu- 


* gens Rule -for the Center of Ofcilla- 


T tion. For Mownton's Pendulum, that 
ſhall vibrate 132 times in a minute, 


© it will be found likewife 8, 1 inches, 


* apree- 
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_ ted to therarity or denſity of the air; 


vibration. 
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Ch. V- Of Pendulums. 
©-agreeing to 39.2 inches Engliſh.There2 


© fore for certain 39,2 inches may be 


© called the Univerſal meaſure, and reli: 
*edon, to be the -near length of a 
& Pend. that ſhall ſwing ſeconds each 


But foraſmuch as the different ſize of 
the Ball, will make ſome difference in 
the length of this Standard Pendulum, 
therefore to make this Pend. an Univer- 


ſal meaſure, to fit all places and Apes, 


you muſt meaſure from the point of 


 Suſpenſion,to the Center of Oſcillation. 
" | Which Center is found by this Rule, ,, mk 


as the length of the String from the ,;7(,-4 
point of Suſpenfion to the Center of a p. 141. 


round Ball :is co the Semi-diameter .of g;r 5, Moor 


that Ball :: So is that Semi-diameterto a ibid.} 


_. qth number. Add two gths of that 4th 
number, to the former length and yon 
have the Center of Oſcillation ; and 


thereby the true lergth of this Standard 


Pendulum ; 

Tf it be deſired to fit a Ball of a trian- 
gular, quadrangular, or any other form 
ro this Pend. the Center of Oſcillation 
in any of theſe bodies may be found 


in the laſt cited Book of Mr. Zulicher. 


If it be asked, what is the meaning 


' of the Center of Oſcillation ? the moſt 


intcliigible anſwer is, that it is that : 
point of the Ball, at which if. you ima-. -- 
gine it divided into two parts, by a 
Circle, 


Of Pendulnms. Ch.V| ( 
"circle, whole center is in the point of 
: Suſpenſjon, the lower -part of the Ball| 
ſhall: be of the ſame weight (or near 
Jo) witnthe upper; ff 
\ 4. Having thus fixed a Standard, I 
ſhall next ſhew how from thence to find|- 
.the Vibrations, or Lengths of all other 
Pendulams.Which is done by thisRule, 
. The {quares of the Vibrations, bear the ſame 
- Hugen Proportion to each other, as their Lengths do, | 
Moor ib. And ſo contrarywiſe. Wherefore to | 
'find the length of a Pend. ſay, as the| 
Square of the Vibrations given : to the 
Square of 60 (the Standard) :: So is the 
length of the Standard.(wiz. 39,2) to| 
the length of the Pend. fought. I | 
- Tf by the length, you will find the | 
Vibrations 'tis the Reverſe of the laſt | 
Rule, viz. as the length .propoſed : to 
the Standard( 39,2) : ::So is the Square 
. of 60 (the vibrations of the Standard ): 
to the ſquare of the Vibrations ſought. 
> Suppoſe for example, you would | 
 know'-what length a Pend. is that vi- 
rates 153) ſtrokes in a minute, The 
A1quare of 153 (z.e. 153 times 153) is 
25109, Say 23409, 3600. 7: 392, 6. 
"A Pend then 'that vibrates 152 in a 
minute, '15:about'6 inches long. 

On ithe other hand, if you would 
know how many ſtrokes a Pend of 6 
inches hath in a minure ; fay, 6. 39,2:7 
2600, 23520, Tlie ſquare root where- 
of is 153, ard forewhat more, Nure, 
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Ch; 5. Of Penaniudrr. - _ _ 732 
Note, becauſe 141120 is always the 

produtt of the two middle terms multi. 

r] plied together, therefore you need ons 

| Ty to divide this number by the ſquare 

I} of the Vibrations, it gives the length 

d|- fought ; by the length, it gives the 

r| ſquare of the Vibrations. - 

L If you operate by the Loparithms, 

2 | We will much contract your labour. 
For if you ſeek the length; [tis but 

d | ſubſtracting the Logarithm of the | 

e | Square of the Vibrations, out of 

| the Logarithm of 141120, which is F. 

| 149588, and the Remainder is the Lo= 

) | garithm of the length ſought: - 

| If you ſeek the Vibrations, it is but 

2 | SubſtraRting out of the aforeſaid Loga- 

t | rithm 5. 149588, the Logarithms of the 

) 


letigth given, and half the Reſidue is 
the: Logarithm of the © Vibrations re- 
quired. Thefollowing examples will 


| illuſtrate each particular. 


& To find the Length. 
, - Logarithms. 


{TI 20 — _ —— 4, 
| 153 Squared is 23409 — 4. 369382 


| | Length is more than 6; =<-—o, 780206 


To 


. £ T7 oh : We " I. b 
% © 8 s 
hb, 4 , , 


ML Of Pendulums, 


{ 


To find the Vibrations. = 


 Lopgarithms; 

I4 1120 ——— w— w—_—_— , 14958 

6 inches long -—— = —— o, 778151 

Square of the Vibr. — 4. 371437 

Square root,or numb. of Vibr. 2, 185718 
1s 153, and ſomewhat more. 


According to the foregoing Diredi- 
ons, I have ' calculated the following 
Table,to Pendulums of various lengths, 
and have therein ſhewed the Vibrations 
in a minute and an hour, from 1 to a 
Ioo inches. If any deſire a more mi- 
nute account, I refer him to Mr Smith's 

Horolog.. Tables in his late Book. The reaſon 

Diſquil, why his calculation and mine differ, is 
becauſe he meaſureth the length of the 
Pend. from the point of Suſpenſion, to 
the lower part of the Bob; and [ only 
to the center of the Bob. His Stand- 
ards are 6 3 inches,and 41 inches ; and 
mine is 39,2, for the reaſons aforego- 
Ng... 


a? N '2 
2.79 
i 


> 4 ae ho” 
Kat 0 LW 
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of Pendul Us. 


A Tab of $ wings in a Minute, and in an 
hour, to Pendulum: f ſeveral DW 


ii. lth. 


| in 


 o ww ws Þ 


length] 1 {eng} in a | in an 


| {Hour. 


' The aſs of this Table is manifeſt 
and needs noFexplication. 


Decimals.in the columns. of Minute- 


Swings, I have added them for the ſake 


of ca culating the column of Hour- 
' Swings ; which would have been judg- 
edfalfe without them, and: would not 
have been exactly erue without them, 
- Sx. Thave but one thing more to. 
ag? co this Chap. of Pendulums, and 
_ that is, To Corre& their Motion, 


The uſual way is, 'to ſcrew up,or let 


down the Ball, In doing of which, a 


- a ſmall 


Pend. EET Vibrar Fad, Vibrat. Vibrat. \ | 


As to the 


13 


\g 
| 


pe 
' 


Ibid. 


W. 


» 
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ſmall alteration 'will make a conſide- 
Table variation of time : as you will 
| find by calculation, according to the 
laſt paragraph. To prevent the in-. 
© convenience of ſcrewing the Ball too © 
high, or low, Mr. Smith hath contri- 
veda very pretty Table for dividing. 


the Nut of a Pendulum: Screw, ſo as 


} 


to alter your Clock but a' ſecond in a 


day. But by reaſon no Screw and | 
| Nut can be fo made, as to be moſt | 
exactly ſtrait and true, - therefore it | 


may happen, that inſtead of altering 


your Watch to: your mind, . you - may. | 

do quite contrary ; as inſtead of letting 
the Balldown, you may raiſe it higher, 
by the falſe running of the Nut upon | 

_ the Screw. mM iogoar tt 2 

- Conſidering this irremediable incon-_ 


venience, I am of opinion, 'that Mr. 


. Hugens's way would do yery well, ad- 
ded to. this. His way .is, to have a 
{- ſmall Weight or Bob, to flide up and 
down the Pend. rod, above the Ball 


(which is immoveable.) But 1 would 
rather adyiſe, that the, Ball-be made 


to ſcrew up and down, to bring- the * 
- Pend. pretty near its gaupe : and that | 
this-lictle Bob ſhould. ſerve. only for 


more nice corrections; as the alterati- 


on of a ſecond,or &c. Which it will do 


berter than the Great Ball For a whole 
eyrn of this little.,Bob, will nor eff:ct 


the. 


hol. Ln ou ond one ras 


| doth make as great an alteration of 


3 CT 


@ @f.0 W:r 
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Chi, V. Of Pendulums. 

- the motion of the Pend. near fo much 
as'a {mall alteration of the Great 

_—_ 2. bs 

— The Direqions Mr. Hugens gives, 

| about this little CorreRor, 1s, that it 

| ſhould be equal to the weight of the - 

Wire, or Rod of the Pend. or about 

a foth part of the weight of the Greac 

| Bal}, which he appoints to be three. 
pounds. | pn: | 
Perhaps this Bob may do its office, 

{ ifit be made to ſcrew only up and down 

the lower part of the Rod, below the 

Ball. If not, you muſt make it flide 

| above the Ball, or be ſcrewed up and 

4 + _ wa 

Seeing this little Bob is not the only 

| CorreQor (as in Mr. Zulichem's way ) 
"therefore it is not neceſſary to inferc 

here, that ingenious perſon's Table, 

ſhewing. what alterations of time will 

| be-made by liding the Bob up ard. 

_ down the rod. Only thus much may 

be obſerved in that Table of his, vis. 

that a {rnall alteration of the Corrector 

towards the lower end of the Pend: 


be 


time, asa greater raiſing or falling of 
ic, doth make higher. Thus thelittle 
| Bob raiſed 7 diviſions. of the Rod, 
from the Center of Oſcillation, will - 
alter the Watch 15 ſeconds; railed 
15,2 *wwill alter it 30”. But whereas, 


Of tn > 2 tr {467 2 a 
- . 
bl « 
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- ifitberaiſed to 54,3 parts of the Rod, . 
it will make the Watch go faſter 3 | 
minutes, 15 ſeconds, the Watch- ſhall 
be but 2". 3c" faſter, if the - Bob 'be 
raiſed to 192,6, So that here you _ 
bave but 15” wariation, by raiſing 'the 
Bob above 28 parts $ whereas lower, 
vou had the ſame variation, when rai- 
ſ:d not above 7 or 8 parts, a. 

From what hath been ſaid it ap- 
pears, that about half a turn of this 
little juſtening Bob, will at no time 

alter the Watch, above a ſecond in 
24 hours: and that above a whole 
turn , will not alter jt ſo much, higher 
on the Rod; ſuppoſing that the Bob 
at every turn aſcended or deſcended a 

Whole degree of the Rod ; which per-" 
haps ic will not do ih 20 turns: and 
conlequently; it will require many 
turns, to alter the Watch but one le- 


_ cond. 
CITI = ; No Oy SER = n= : 
| CHAF Vi 
* The Antiquity, and general Fliſtory 


of Watch, or Clock-work. 


S$ 1.F T is probable, that in all Apes, 

4 ſome Inſtruments or other have 
been uſed, for the meaſuring of time. 
'Buc the earlieſt we rezd of, is the £49! 


of 


of 4haz, Concerning which, little of - 
certainty can; be ſaid. The Hebrew 2 Kings 
_ word Mayaleth doth properly fignifie 77 pd 4 
Degrees, Steps, or Stairs, by which 
we aſcend to any place. And fſothis 
word Mazalith is rendered Exek. 40. 
26 And accordingly the LXXI. 
tranſlate the MaVaiorth of Abaz, by 
the words BaJps and ' AvePaJuds!. e. 
Steps or Aſcents, The like doth the Sy= 
riack, Arabick, and other Verſions, 
Some pretend to give a deſcription 
of this Dial of Ahaz; but it being meer 
eveſling, and little to my purpole, I 
ſhall not trouble the Reader with the 
various opinions about it. : 
Among the Greeks and Romans, there 
were two ways chiefly uſed tomealure 
their hours. One was by Clepſydre, or 
 Hour-glafſes. The other by the Solaris 
or Sun-dials. The Kaeufes, fay Suidas 


andPhaverinus.was *Ogyaror. as 2gAryulv &s Sons in 


FY G23 187; 51 as :1, 0. An Aſtron»mical Ins + 
CE Lo bt ks FS Ra 
(rument, by which the hours were meaſured, * © 
A'fo, that it was a Veſſel, baving a little 
bole in the bottcom which was ſet in the Courts 
. Of Tudicature, full of water ;; by. which the 
Lawyers pleaded. "This was, fays Phavo- 
rinus, to prevent babbiing, that ſuch 
as ſpake, ought to be biiet- in their 
Speeches. 
As to the Invention of thoſe Water- 
watches (which. were, no- doubt, ct 
em 2 ——— os 


In verko 


aacrbuen 
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more common. uſe, than only in the 
De die 2. -2W-Courts) the Invention, I fay of 
Jali C. 23. them, 1s attributed, by Cenſorinus, to P. 
Cornelius Nafica, the Cenſor (Scipio Naſica, 
Pliny calls him.) VE en 
The other way of meafuring the 
Itid; + hours with Sun dials, feems, from Pliny 
and Cerſorinus, tg have-been an earlier 
invention than the laſt, Pliny ſays, that - 
Anaximenes Mileſias, the Scholar' of 
_ Anaximander, invented Dialling, and 
. was the firſt that ſhewed a Suti-dial 
' De Archie © at Lacedemon, Vitruvius calls him 4» 
1. 6. c. 48: leſins Anaximander, This Anaximander or 
 Anaxjmeres was cotemporary With Py- 
thagoras, ſays Laertins ; and flouriſhed 

about the time of the Prophet Daniel. 
Bat enough of theſe ancient 'Time- 
engines, which are nct very much to 
my purpoſe, being not pieces of Watch- | 

Ts —- = 

Q 2.I ſhall in the nextplace take notice 
cf a few Horological Machines, that I 
* have met with ; which, whether pieces 
of Clock work, or not, Lleave to the 

' + - «. Readers judgment. 
ed -oogay The firſt 1s that of Dioſus, which | 
Plutarch commends for a very magnifi- 
cent, and. illuſtrious piece, But this 
might be only a well delineated Sun” 

dial, qo 
Another Piece, is that of Sapor King 
 Euſeb. Vit. of Perſia, Whether that Sapor, who 


78 


Nat. Hiſt. 
; fo 2. Co 76. 


Conſs. 1. 3. was 


— 


was cotemporary with mn 1 _ 
Great, I know not. Cardan ſaith it was ©? Subril, 
made of Glaſs ; that the King could fit 274 
in the' middle of it, and fee its Stars 
| riſe and ſet, , But not finding whether 

this Sphere was moved by Clock-work, 
or whether it had any regular motion, — 

T ſhall fay no more concerning it. - 
— The laft Machine ſhall mentionin 

this Paragraph, is one I find deſcribed | 
by Fitruvins, Which to me ſeems to pag 

be a piece of Watch-work, moved by Ss 
an equal influx of Water. © _ 
If the Reader will couſult the French 
Edition of Vitruvius, he will find there 
a fair cut of it, os 

_ Among divers feats which this Ma- 
chine performed (as ſounding Trum» 
| pers, throwing Stones, &*c.) one uſe of 
| it was, to ſhew the hours (which were 
unequal in that age) through every 
month- of the year. The words of Vi- 
IruUus are, e-£5aaliter influens aqua Ie ub - 
levat Scaphum inverſun (quod ab artificibus 
Phellos ſive Tympanum diciturY in quo collo- 
cata regula, werſatilia tympana denticulis 
#qualibus ſunt perfela, Qui denticuli alius 
alium impellentes, werſaticnes modicas faci= 
unt, ac motiones. Item aliz Regulz, alia- 
que Tympana ad eundem modum den- 
tata, que una motione coatta, verſando fa» 
cunt eff:tus, wvarietateſque motionum : in 
quibus moventer Sigilla, vertuntur Met, 


—=Y calculi 


— 


The Antiquity Ch. VI, 
Calcul; aut Tona projiciuntur, Buccine canunt, 
&c. In hisetiam, aut in columna, aut pa- 
raſtatica Hor deſcribuntur ; quas Sipillum e- 
grediens ab imo virgule, \(gnificat , in diem . 
Totum: quarum brevitates aut creſcentias, ca=- 
meorum adjefius aut exemptus, in ſmgulis di- 
&bus & menſibus, perficere cogit. RO 
The Inventer of this famous Machine, 
Vitruvius ſays,was one,Cteſibius, aBarbers 
Son of Alexandria. WhiohCrefibius flouriſhe 
V;4. p;;. under Ptolomy Euergetes, ſays Athenans,” | 
land. not.inl. 4 And if ſo, he lived about 240 | 
| Fierzv, years before our Saviours days ; and 
b-  - Might be cotemporary with Archimedes, 
2 S 3. Thus having given a ſmall ac- 
count of the ancient ways of meaſu-. 
ringtime , itis time to come cloſer to 
pur buſineſs, and ſay fomething more 
” particularly of Warch and Clock-work. 
Which is thought to be a much younger 
invention,than the fore-mentioned Pie- 
ces;and to have had its beginning inGer- 
wany, within leſs than theſe zoo years. It - 
is very prob2bte,that ourBallance-clocks 
= _ £7 Watches, and ſome other Automata, 
might have their beginning there;or that | 
Watch and Clock-work(which, had long | 
been buried in oblivion) might be revi- | 
ved there, But that Watch and Clock- 
work was the invention of that age 
purely, I utterly. deny ; .having (be- 
{ides what goes before) two inſtances | 
Wu -- zo.the contrary, of much earlier date. 
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6 4. The firſt examp'e is the Sphere 


of Archimedes; who lived about 200 
years before our Saviours days. There 


is no mention, of this Sphere in Archi. 
medes his extant works : but we have 
an account.of it in others. Cicero ſpeaks 


of it more than once, In his-2d Book 
De Natura Dewum, are theſe words ; 
 Þ Archimedem aribtrantur plus wvaluiſſe in 


* imitandis. Sphare converſionibus, quans 


oy 


_ © Naturam in efficindis, &c, And in his L'b. 1. &. 


Tuſculane Queſtions, the Collocutor, 25- E#. 


des Lune, Solis, quinque errantium motus in 
Sphertm illigavit, effecit, &c. The ſenſe 
15, that Archimedes* contrived a Sphere, 
which jſhewed the motion ofthe Moon, 
Sun, and five Planets. | 


' proving the Soul to be of a divine Na- ©” 
_ * ture, argues from this contrivance of 
Archimedes, and {ays, Nam cum Archime« 


| But the moſt accurate deſcription. is zpigy. i 


that of Ciaudian,in theſe words, 


| Fupiter in parvo cum cerneret athera vitro, 


 Rifit, & ad Superos taljia difia ded : 
Huccine mortalis progreſſa potentia cure $ 
Tam menus in fragili luditur .orbe labor, 


Tura poli, rerumque fidem, legeſq; Deorum 


Fierce SyracuGus tranſtulit arte Senex. 
Incluſus variis famulatur Spiritus afirisy 
Et vivum certis motibus urget opus 


Spher, Ar- 
chimed, *©- 
V4d. Card. 
de Subiil, 
L 19, 


Percurrit proprium mentitus vignifer annums 


Et fmulata novo Cynthia men[e redit. 
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TFamq; ſuum volvens audax induſtria mundum | 
Gaudet, & bumana Sidera mente regit. | 
Quid faiſo inſontem tonitru Salmonea miror © 
_ v/Emula Nature parva.reperia manw.. | 


x - a " 4 
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In Brgliſh thus: 


. When Jove eſpy d inGlaſs bi Heavensmads, * 
: ' He ſmil'd; and to the other Gods thus ſaid ©} 
Strange feats/when human art ſo far proceeds, | _ 
To ape m brittle Orb my preateſs deeds. 
The heavenly motions, Natures conſtant courſe, 
£0" here old Archimede to art transfers.. 
Th' incloſed Spirit here eacaStar doth drive ;. 
Ard to the living work ſure motiont give. 
The Sun in counterfeit bis year doth run, 
= And Cynthia too ber monthly circletury, | 
| Sincenow bold manhathWorldd, {5:21 deſeryd; | 
He joys, and th Stars by human art can puide, | 
Why ſhould we ſo admire proudSalmons cheats. 
When one poor band Natures chief woth repeats? 


From this deſcription it appeareth,. 
that in this Sphere, the Sun, Moon, and. 
other heavenly bodies,had their proper 
Motion : and that this motion was 
effected by ſome encloſed Spirirg, What 

this encloſed Spirit was, I cannot tell, 
but ſuppoſe it: to be Springs, Wheels 
or Pullies, or ſome ſuch means- of 
Clock work :- Which - being hidden 
from vulgar eyes, might be taken for 
{ome Angel, Spirit, or Divine power ;. 
unleſs. 
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- | unleſs by Spirit here, you underſtand 
| fome_ acrious,. ſubtiliz'd liquor; or va-- ' 
2: | pours. - But. how this, or indeed any 
| thing but Clock-work, could give ſuch 
| erue and regular motions, I am not a- 
| $x. The next inſtance I have met 
$ with of ancient Clock-work, is that _ 
| famous one in Cicero, which, among De Nee. 
J other irrefragable arguments,is brought P*0r- Libs 
in to prove, © That there is ſome in-** * 34 
© telligent, divine, and wiſe Being, _ 
S © that. inhabiteth, ruleth in, and is as. 
| © an Archite& of ſo great a work, as 
© the World is, as the Coltocutor ex- 
| preſleth himſelf. His words (fo far as 
ſ they relate to my preſent purpoſe) are 
| theſe : © Cum Solarium vel deſcriptum, aut | 
© ex Aqua contemplere, intelligere | declarars' 
* boras arte, non caſu, &c. And a little ' 
.{] after, Quod fiin Scythiam, aut in Britan= 
 miam, Spharam aliquis tulerit-hanc, quan 
' nuper familiaris nofter effecit Poſidenins , cut 
Jus ſingul.e Converliones iden efficiunt in Sole, 
- Of in Luna, & in quinque Stellis errantivus 
quod efficitur in cxelo ſingulis diebus, & notti- 
| bus; quis inilla barbarie dubitet, quin ea 
 Sphera fit perfefa ratione # The ſurmm of 
the Authors meaning. 15, * That there 
K'were Sun-dials deicribed, or drawi 
[with Lines, after the manner as our 
| © our Sun-dials are :].* and ſome made: 
| © with Water (which were the Clepſy- 
ara; 


oa 
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dre, or Hour-glaſſes, before-men- 


tioned.) © That Poſidonius had late- 


ly contrived a Sphere , whoſe | 


& Motions were. the ſame in the} 


«Sun, Moon, and 5 Planets, as were 
.cc 


performed in the heavens each day | 
© and night. Ee Lied 
The age wherein this Sphere was in-. 
vented, was Cicero's time, which. was 
about 8 years before our Saviours | 


And that it was apiece ofClock-work, | 


is not ( I think) to be doubted, if it be J 
conſidered, that it kept time with thoſe | 
celeſtial bodies, imitating both their 
annual, and diurnal motions, as from 
the deſcription.we may gather it did. 


It may be queſtioned, whether thoſe 


Machines were common or not : I be- 
Heve they were rarities then, as well 


as Mr Watſon's and others are accounted | 


now. But methinks it 15 hard to ima- 


eine, that ſo ufeful an invention ſhould 
not be reduc'd into common ule ; it 
being natural, and eafie to. apply it to 

the meaſuring of hours (tho unequal) 
eſpecially in two ſuch Apes, as thoſe 
of Archimedes. and-Tally were, in which 


the liberal Arts fo greatly flouriſhed. 


s$ 6. After the times laſt mentioned, 
I find little worth remark, till the laſt 
ape 2: 1n which Clock-work was revr 
ved, or wholly inyented anew in Ger- 
many, | 
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which was above 200 years ago. Itis 
very. manifeſt, it was before Carday's 
time, becauſe he ſpeaketh of it,as athing 
_ common then, And we lived about I5o 
years ſince. 
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many, a6 alt thought, becauſe 
- the ancient Pieces are German: work. 
But who was the Inventer, or in what 
time, I cannot diſcover, . Some think wohneaus; 
Sever, Boethius invented it about the Srioth. Te= 
year 510.Perhapsi it was inRegiomontanus leſcop. Ep. 


his time (if not ſo early as Boethius) ITE 


S 7, As to thoſe cirious contrivan= 


-ces in Clock-work, which | po 


ſtrange, ſurprizing Feats, all ſay 
little. 'Dr. Heylin tells us F a famous 
Clock and Dial in the- Cathedral Come, 1.2 


_. Chuich of Lundev in Denmark, © In 
| © the Dial (ſaith he ) are to be ſeen 


« diſtintly the Year, Month, Week- 
"* * day ,and hour of every day through- 

© out- the- Year; with the Feaſts, 
* both moveable and fixed: ; copether 

© with the Motion .of the Sun and- 
*& Moon, and their paſſage thro each 
" degree of the Zodiack, Then for 
* che Clock, it is ſo framed by artificial 
* Engines, that whenſoever it is to 


-» © ſtrike, two Horle-men encounter 


" One another, giving as. many blows 
& apiece, as the Bell ſounds hours; 
* And on the op2ning. of a door, there 


= Sppoaretl a: Theatre, the Virgin 
* Mary 
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Ch. vIL. | 
* Mary on a Throne, With Chriſt in 

* her arms, and the three Kings or 

©. Magi ( with their ſeyeral trains) 
© marching. in order, doing humble 
* reverence, and preſenting ſeverally 
__. © their Gifts ; two Trumpeters ſound-. 
* ing all the while,to adorn the Pomp 


% 


© of that Proceflion.” _ 


© MagiaUni-, To this I might add many more ſuch- | 


veſ. P. I. curious performances 5 but F rather 
rren, & chuſe to- refer the Reader to Schorrms,. | 
Thauma-. Where lie may find a great. variety, to 
rus, pleaſe him, 2H : 


” 


th.  * ES 


_— 


| NTT” 


| Of the Invention of Pendulum 


Watches. 


C = ths firſt that invented the way 
of applying Pendulums to- 

Watch-work, was Mr Chriftian Huygens 
of Zulichem ; as he affirmeth of himlelf, 

with very cogent reaſons 
This excellent invention, he fays,he- 
Hor, Oſcil, put firſt in-practice in the: year 1657; 
P 3-Edit. and in the following year 1658, he 
Far. printed adelineation and deſcription of 
it,- S | x 
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Others have claim'd the honor of this 
Invention ; among which, the great Ga« 
_ lilko hath the moſt to be ſaid on his ſide. 
J. Dr. Fohn foachim Becher (who printed a 
| Book when he was in England, enfitu- 
Ted, De Nova Temporis dimetiendi ratione 
| Theoria, '&. which he dedicated to the 
. Engliſh Royal Society, Anno 1680.) he,T 
fay, tells us,.* That the Count Magalotti 
* (the Great Duke of Tuſcany's Reſident p: $:: 
* at the Emperors Court) told him the 
* whole Hiſtory of theſe Pendulum. 
* Clocks, and denied Mr Zalichemw tobe 
*the Author of them. Alſo,:* That one 
* Trefley (Clock-maker to the Father of _ 
* of the .then G. Duke of Tuſcany) re--- 1 : 
: * lated to him the like Hiſtory : and 
© faid moreover; that he had made the 
© firſt Pend. Clock, at Florence, by the: 
© command of the Great Duke, and by 
© the direction of his Mathematician- 
© Galilaus a Galilzo ; a pattern of which- 
* was brought into Holland, And fur- 
* ther he ſaith. that one Caſpar Doms, a 
6. Fleming, and Mathematician to Fob 
*- Philip @ Schonborn (the late Elecor of: 
* Mentz)) told him that he had ſeen at 
* Prague, in the time of Rudolphis the 
Emperor, a Pend.. Clock, made by 
© the famous Juſtus Borgen, Mechanick 
* and Clockmaker to the Emperor : 
which Clock the great Tycho-Brabe- 


uſed in his Aſtronomical obſervati- 
ONS, "I hus 
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Exper. *"Thus far Becher, To which-I may. 
made in add, what is ſaid by the Acadamie det. 
yo Thong Cimento, viz. © It was thought good to. 
tranſl. by © apply the Pendulum to the Movement | 
Mr Waller © of the Clock : ng which Galileo 

p. 12. * firſt invented, and his So 


n Vincenzio Gas. 
© Jiles: put in pradtice in the year 1649, 
. As to thele*matte rs thus related by 
hearſay by Becher, and ſo exprefsly af. 
firmed by the Acadamy,-L have little to 
-reply, but that Mr Hugens does expreſs- 


Hugen.ib. ly ſay, He was the Inventer, and that 
_ .-- if Ga/ilzo ever thought of any ſuch || 


thing, he never brought it to any per- 
fFection. Tt is certain, that this Inven- 
-tion never flouriſhed till Mr Hygens (et 
it abroad. Er a rr no | 
- I 2. AfterMr Hugenshad thus invent- 
ed: theſe + Pendulum Watches, and 
cauſed ſeveral to be made in H:land, 
Mr Fromantil, a Dutch Clock-maker, 
came over into England, and made the 
firſt that ever were made here : which 
was about the year 1662, One of the 
firſt Pieces that was made in England, 
* 15 now in Greſham-Colledg, given to that 
Honorable Society by the late eminent 
Seth, Lord Biſhop of Salizbury ; which 
15-made exactly according to Mr Zali- 
chews directions. 
$ 3. For ſeveral years this way of | 
_ Mr Z2ulichem was the only method, 
viz, Crown-wheel Pendulums, to play 
g- 


| 


| 
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| between two cycloidal cheeks, &c. But 
afterwards Mr W. Clement, a London 
Clock-maker,. contrived them (as Mr _ 
Smith faith ) to go with lefs weight, an NY 
heavier Ball (if you pleaſe) and to vi- 7, 5 
brate but a ſmall compaſs. Which is. 
» | now the univerſal method of the Roy= 
al Pendulums: Bute Dr. ; Hook denies 
Mr, Clement to have invented this ; and 
| ſays that it was his invention, and that 
he cauſed a piece of this nature to be 
made, which he ſhewed before the 
8 ” Society, foon after the Fire of Low- 
| $0. 
$ 4. The uſe of theſePendulumWatches 
Mr Hugens \ctteth' forth in ſeveral 
inftances. Particularly ; he giveth two 
examples of their great uſe at Sea, in 
diſcovering the difference of Meridians, 
more exactly than any other way : 
which he deduceth from the obferva- 
tions of an Erplifh, and French Ship. 
- On Land, they were found very 
 ferviceable, among other uſes, particn-» 
larly to theſe two. 1. To mealure 
the time more exaaly, and equally 
than the Sun. 2. To be (as Sir Chri- 
foph. Wren firſt propoſed ) a perpetual, 
and univerſal Meaſure, or Standard, . 
to which all Lengths may be reduced, 
and by which they may be judged, in 
all ages, and countries. For (as our 
Rojal Society, Mr Hugens, and Mouno- 
25s 


go | 


nus have propoſed after Sir Chrifopher 
Wren) this Horary foot, or Tripedal length, 
which vibrateth Seconds, will fit all 
ages and places. But then reſpe& muſt 


| be had to the Center of Oſcillation, 
which you have an account of in Mr 


77 his aforeſaid book de Herologio 
cillatorio, as hath before been ſaid. 
_$S o. There is one contrivance more 


. 
, 


of Pendulums, ſtill behind, viz. the 


Gircalar Pendulum: which is mentioned 


by Mr Hager: as his own, but is claimed 


by the ingenious Dr. Hookas really his. 
This Pend, doth not vibrate backward 


and forward, as thoſe we have been 
ſpeaking of do ; but always round 


round ; the String being ſuſpended a- 
bove, at the tripedal flength, and the 
Ball fixed below, as ſuppoſe at the end 


of the Fly of a common Jack. 


The motion of this Circular Pend. 


 tsas regular, and much the ſame with 
What goeth before ; and was thus far . 
made very uſeful in Aitronomical ob. . 
ſervations, by the ſaid Dr Hook, viz. 


To give warning at any moment Qof its 
circumgyration, either when it had 
turned but a quarter, half, or any lef- 


| fer, or greater part of its circle. So 


that here you had notice not only of a 
Second, but of the moſt minute part 
of a Second of Time. You may find 
a deſcription of this Pendulum, nd 

OTner 
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other matters belonging to it, in Dr. 


. Hook's Lefiones Cutleriane : Animad. in 


Hevelii Mach, C:zleſs. p. 60. / 
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Of t helnvention of thoſe Pocket- = 
Watches, commonly called 


Pendulum Watches. 
| $1, He reaſon they are called 


| & Pendulum Watches, is from the 


regularity of their Strokes, and Mott 


on, Which exa&neſs is eftected by the 
government of a {mall Spiral Spring 
running round the upper part of the 


| Verge of the Ballance : which ſpring is 
_ called che Regalator, | 


$ 2. The ficſt Inventer hereof, was 
that ingenious and learned member of 
our R. Scciety, Dr Hook : who contrivd 
various ways of Regulation. One way 
was with a Load ſtone ; another was 
with a tender ſtrait Spring, one end 
whereof played backward andforward 
with the Ballance. So that the bal- . 
lance was to this Spring as the bob of a 


Pendulum, and the little Spring, as the 
| Rod thereof, And ſeveral other con- 
trivances he had beſides of this nature. 


) 3+ 


$2 
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C 3, But the Invention which beſt 
anſwered expeRation , was at firſt, 


with two ballances : of which I have 


ſeen two ſorts,altho there were ſeveral 


others. One way was without Spiral 
- Springs, the other with. They both | 


agreed in this,that the outwardRims of 
both theBallances had a like number of 


Teeth ; which running in each other, 


cauſed each Ballance to vibrate alike. 


But as to the former of theſe, which 


had no Spiral Spring z the Verges of 


its Ballances had each but one Pallet | 


apiece, about the middle of the Verge. 


The Crown-whezl lay (contrary to o- 
- thers) reverſed, in the middle of the 


Watch, in the place, and after the 
manner of the Contrate-wheel. The 
teeth of this Crown-wheel, were cut 
after the manner of- Contrate-wheel 


* teeth, vis. lying upwards, but very 


wide apart, {o as that the Pallets (which 
were about one tenth of an inch long, 
and narrow) might play in and out be- 
eween each tooth, The verges of the 
two Ballances, were ſet one on one 
ſide, the other on the other ſide of the 
Crown-wheel, ſo that the Pallets might 


play freely in its teeth. And when 
the Crown-wheel in moving round, 


had delivered its ſelf of one Pallet, the 
other Pallet on the oppoſite fide, was 
drawn on to make its Beat, by means 


of 


& | Ch: VII. P ocket Watcher, 


of the motion which the other Ballance 
had given its Ballance, (the two Bal- 


-lances moving one another, as hath 


been ſaid in the beginning of this Pa= 


| ragraph.) And fo the fame back agains 


| It may here be noted, that 'for the 
more clear underſtanding of the laſt 


ſy contrivance, I have deſcribed the two 
Ballances, as having Teeth on the 


edges of their Rims, running in one a- 
nother. But the contrivance was real= 


| ly thus, there was a ſmall Wheel un- 


der each Ballance, proportioned to the 
width of the Crown-wheel. But the 


| Ballances were much larger. And ſo 


the Teeth of theſe two little foreſaid 
Wheels or Ballances, running in one 
another, moved the larger Ballances 
above them, all one, as if theſe two 


great Ballances had been toothed and 


played irreach other. | 

S 4. The other way, with two. Bal- 
lances alſo, moving each other (as was 
{aid in the beginning of the laſt $) had a 


Spiral Spring to each Ballance, for its 


Regulator, In this Invention, only 


one Ballance had the Pallets, as the 


common Ballances have ; and the 


 Crown-wheel operated upon it, aC- 


cording to the uſual way. But then 
when this Ballance vibrateth, it giveth 
the ſame motion backward and forward 


to the other ballance; as hath been ſaid. 
'The 


The firſt of theſe two ways was ne- 
yer proſecuted fo far, as perhaps it 


deſerved. And the excellency of the | 
latter is, that no jirk, or the moſt con. 


faſed ſhake, can in the leaſt alter its 
Vibrations. Which it will doin the 
beſt Pendulum Watch with one bal- 
lance now commonly. uſed. For. if 
you lay one of theſe Watches upon a 


Table, and by the Pendant jirk it back- 


ward and forward, you will put it into 
the greateſt hurry ; whereas the laſt 
mentioned Watch, with two ballances, 


_ will be nothing affe&ed with it. - But 
. notwithſtanding this inconvenience, 


"yet the Watch' with one ballance and 
one Spring {which was alſo Dr Hoot's 


Invention) prey 


mon, being nowauhe. univerſal Mode: 


but of the other very few were ever 


made. The realor hereof, 1 judge 


was the -great trouble and vaſt nice. 
neſs required in it, and perhaps a lit- 
tle foulneſs in the ballance-teeth may 
retard the motion of the ballances. 
But the other is eafier made, and per- 
formeth well enough, and in a pocket 
is ſcarce ſabje& to the aforeſaid difor- 
der, which is cauſed rather by a turn, 
than a ſhake, 

I 5. The time of theſe Inventions 


was about the year 1658, as appears 
(among other evidence) from this in- 


icription, 


-Invemion of Ch. VIII, Ic 


reyailed, and grew Com: - 
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ſcription, upon one of the aforeſaid 
|double Ballance-Watches, preſented to 
King Charles II, viz. Robert Hook inven. 

1658. T. Tompion fecit 1675. i 


This Watch was wonderfully ape 


proved of by theKing;and ſo the inven- 
tion grew into reputation,and was much 
talked of at home and abroad. Par- 
I ticularly its fame flew into France, from 


whence the Dauphine ſent for two' ; 


which that eminent Arcift Mr Tompion 
made for him: | 


6.6. Dr Hock had long before this, 


[cauſed ſeveral pieces of this nature 
| to be made, altho they did not take till 
after 1675, However he had before 

ſo far proceeded herein; as to have a 


| [Patent (drawn, tho not ſealed) for 
| theſe, and ſome other Contrivances, 


about Watches, in the year 1660. But 


the reaſon why that Patent did no fur 


ther proceed, was ſome diſagreement 


abour ſome Articles init, with ſome 
Noble Perſons who were concerned 


for the procuring it. The {ame inge- 


nious Dr had alſo.a grant for a Patent 
for this laſt way of Spring Watches 
In the year 1675 : but he omitted the 
taking it out, as thinking it not worth 
the while. 

$7. After theſe Inventions of Dr 


| Ho, and (no doubt) after the publi- 


cation of Mr Hupens book de Horolog. 


Ofcih, 
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” land, 'as if the Longitude could be now 


| gens had a Patent for them) which I. 


Olcil. at Pars 1673 (for there is not a 
ward of this, tho of ſeveral other con- 
trivances) after this, I ſay, Mr. Hugens 
Watch with a Spiral Spring came a- 
broad, and made-a great noife'in Eng- 


und One of theſe the Lord Bruncker 
ſent for out of France, (where Mr Hu- 


haye (cen. SE 
_ 'This Watch of Mr Zulichew's agreed 


with Dr Hook's, in the application. of. 


the Spring to the ballance : only Mr 


' Zulichem's had a longer Spiral Spring, 
and the Pulſes or 'Beats were much || 


ſlower. That wherein it differs, is 
I, The Verge hath a Pinion inſtead of 
Pallets; and a Contrate-wheel runs 


| therein, and drives it round, more than, 


ons turn. . 2. The Pallets are on. the 
Arbor of his Contrate-wheel. 3, Then 
followeth theCrown-wheel,&c, 4. The 
ballance,inſtead of turning ſcarce quite 


round. (as.Dr Hoet's). doth turn ſeveral 


rounds every vibration, i 
- $8, As to the great abilities of Mr 
Huygens, no. man can doubt, that is ac- 
quainted with his Books, and his ſhare 
in the Philoſophical Tranſactions, &«. 
But I have ſome reaſon to doubt, whe- 
ther his Fancy was not firſt ſet on 
work by ſome Intelligence, he might 
have of Dc Hook's Invention from = 


þ 
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Oldenburg, or others his correſpondents 
here in England. 


|, But whether or no that ingenious 


perſon doth owe any thing herein to 


| our ingenious Dr Hook, it is however a 


urs. | 
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very pretty, andingenious contrivance; 


but ſubje& toſome defects : viz. When 


it tandeth ſtill, it will not vibrate, un- 


til it is fet on vibrating : which, tho 


it be no defeR in a Pendulum Clock, 


| may be one ina Pocket-Watch, which 
F is expoſed to continual jogs, Alſo, it . 


doth ſowewhat vary in its Vibrations, 
making ſometimes lorger , ſometimes 
ſhorter turns , and ſo ſome ſlower , 


fome quicker vibrations. 


I have ſeen ſome other contrivances 
of this ſore, which I mention not, be- 
cauſe they are ofa youngerſtanding, But 
theſe two (of Dr Hook and Mr Hugens ) 
I have taken notice of, becauſe they 


Cl 


were the firſt that ever appeared in the 


world. 


A 


CHAP IT. 


The Invention of Repeating 
Clocks. 


1; ("He Clocks I now ſhall ſpeak of, 
are ſuch as by pulling of a 
Stti”g, 
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String, &e."do ftrike the Hour,Quarter, 


or Minute, at any time of the day and || 


nipht, | | 
74 'Thele Clocks are a late inventi. 


on of one Mr Barlow , of no longer 

ſtanding than the latter end of King 

Charles HI. about the yeer 1676. 
This ingenious contrivance(ſcarce fo 


-much as thought of before) ſoon took | 


air,and being talked of among theLondon 
Artiſts, ſet their heads to work ; who 
preſently contrived ſeveral ways to ef- 
fe ſuch a performance. And hence 
aroſe the divers ways of Repeating Work, 
which ſo early might be obſerved to be 


about the Town, every man almoſt 


practiſing, according to his own Inven- 
tion, | m 
_ {\ 4. This invention was practiſed 
chiefly, if not only, in larger move- 
ments, till King Famcs IIsReign; at 
which time it was transferred into 
Pocket-Clocks. But there being ſome 


little conteſt concerning the Author 
hereof, I ſhall relate the bare matter | 


of fac, leaving the Reader to his own 
judgment. 
About the latter end of King Fame 
It's Reign, Mr Barkw (the ingenious 
inverter before mentioned) contrived 
to put his invention into Pocket” 
watches ; and endeavoured (with the 
Lord Ghizf Juſtice Alone, and ome 
others) 
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others.) to get a Patent for it. And 

in order to it, he ſet Mr Tompion, the 
famous Artiſt, to work upon it: who 


accordingly made a Piece according to 


his direRtions., 


Mr Quare ( a very ingenious Watch= 


maker in London)had ſome years before 
J been thinking of the like Invention : 


but not bringing it to perfection, he 
laid by the thoughts of it, until the talk 


of Mr Barlow's Patent revived his for« 
mer thoughts ; which he then brought 


to effet, This being known among 
the Watch-makers, they all preſſed 
him to endeavour to hinder Mr Barlow's 
Patent. And accordingly applications 


were made at Court, and a Watch-of 


each invention, produced before the 
King and Council. The King upon 
tryal of each of them, was pleaſed to 
eive the preference to Mr Quare's : of 
which, notice was given ſoon after'in 
the Gazette. 

The difference between theſe two 
Inventions was, Mr Barlow's was made 
to Repeat by puſhing in two pieces on 
each- ſide the Warch-box : one of 
which Repeated the Hour, the otier 


the Quarter. Mr Quare's was made to. 


Repeat, by a Pin that ſtuck our near 


| the Pendant ; which being thrulit in 


(as now 'tis done by thruſting in the 
Pendant ) did Repeat bcth the Hour, 
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and Quarter; with the ſame thruſt, 

Tt would(T think) be very frivolous, 
to ſpeak of the various contrivances, 
_ and methods of Repeating Work, and 
the Inventers of them ; and therefore 
. T ſhall ſay nothing of them, 


— —_—. 
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Numbers for ſeveral ſorts of Move: 
Think it may be very convenient 


ments. 
[| to ſet down ſome Nurabers fit for 


ſeveral Movements; partly, - to be a 
Examples toexerciſe the young Reader, 
in the foregoing Art of Calculation: 
and partly, to ſerve fuch, who want 
leiſure or underſtanding to attain to 
this Art, | | 

Q x. But firſt it may be requiſite, to 
ſhew the uſual way of Watch-maker 
writing down their numbers, which i 
ſomewhat different from that in the 
preceding Book, : 

Their way repreſenteth the Wheel 
and Pinion, on the ſame Spindle ; not 
as they play in one another, Thus the 
numbers of an old Houſe-watch, of 12 
hours, 1s written thus ; 


to 


My 
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My way : The Watch-makers way. 


A)48 , 48 

7)56 TERS. 

6) 54. © mane 
19 apron. 


According to my way, the Pin. of 
Report [4] drives the Dial-wheel [48:] 


the Pinion [7 ]plays in the Great. wheel 


[56] &'c. But according to the other 


IO 


way, the Dial-wheel ſtands alone ; the 


Great-whee] hath the Pinion of Report 


| onthe ſame arbor : the Wheel | 54] 


hath the Pin: [7] and the Crown- 


wheel [19] the Pin © [6] on the ſame 


Spindles. 

This latter way. (tho very inconve- 
nient in Calculation) repreſenteth a 
piece of work handſomely enough, 
and ſomewhat naturally. 

C2. Numbers of an 8 day Piece, 
with 16 turns Of the Barrel, the Pend. 
vibrates Seconds, and ſhews Minutes, 
Seconds, ec. 

The Watch-part. ; TheClock part. 


$)96 © 8)78 
8)60—48)43—6)72 | 6)48 8 pins. 
7)56 | 6)48 

— | 6/43 

Zo 


In the Watch-part» the Wheel 60 
is the Miuute- wheel, which is fet in the 


| middle of the Clock, that its Spindle 
| 4 may - 
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may go thro the middle of the Dial* 
plate to carry the Minute-hand. 
Alfo on this Spindle is a Wheel 48, 


- which driveth another Wheel of. 48, | 
which laſt hath a Pinion 6, which dri- 


veth round the Wheel 72 in 12 hours, 


Note here two things : 1. That the two 


Wheels 48, are of no other uſe, but to 
ſet the Pinion 6 at a convenient di- 
ſtance from the Minute-wheel, to drive 
the Wheel 72, which is concentrical 
with the Minute-wheel. For a Pinion 
6 driving a Wheel 72, would be ſuffici- 
ent, if the Minute-hand and Hour- 
hand had two different centers. 2. 
Theſe numbers, 60-48)48-6)72, ſet thus 
ought(according to the laſt 5) be thus, 
read, viz. The Wheel 60, hath ano- 
ther Wheel 48 on the ſame Spindle ; 
which Wheel 48 divideth(playeth in, 
or turns round) another Wheel 48 ; 
which hath a Pinion 6 concentrical 
with it ; which Pinion driveth, or di- 
videth a Wheel of 72. For a Line 
parting ewo numbers (as 60 -— 48) 
denoterh thoſe two numbers to be con- 
centrical, or to be plac'd upon the lame 
Spindle. And when two numbers have 
a hook between them(as 48)48) it fig- 
nifies one to run in the other, as hath 
before been hinted. 

In the Striking-part, there are 8 Pins 
on the Second wheel 48, The Count- 
wheel 
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wheel may be fixed unto the Great- 
whee), which goeth round once in 12 
Hours. 

S 2. A Piece of 32 days, with 16,or 
12 turns both parts: the Watch ſhew- 
eth Hours, Minutes, and Seconds ; 
and the Pendulum vibraterh Seconds. 


The Watch-part. 
With 16 turns: With 12 turns. 
16)96 12)96 
9)72 9)72 
8)60-.48)48--6)72 8(60-<48)48--6)72 
7)56 756 
30_ zo 
Or thus with 16 turns. 
12)72 
8)64 
8 )60 
7)56 
20 
The Striking part. 
With 16 turns. With 12 turns, 
10)130 6(128 | 
96d 24.00% Diogo gh” 
6)72 Double hoop. 8)96 Double hoop 
6)60 8)80 


F 4 The 
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_ ® 


Bog. Ky 


T04 Numbers for Ch.X. 
| The Pinion of Report is fixed on 
the end of the arbor of the Pin-wheel. 
This Pinion in the firſt is 12,theCount- 
wheel 39 ; thus, 12)39. Orit maybe 
8)26, In the latter (with 12 turns) it 
may be 6)18, or 8) 24. 
8 4. A two month Piece, of 64 days ; 
with 16 turns ; Pend. vibrateth Se- 


conds; and ſheweth Minutes, Seconds, 
Co 


Watch part. Clock-patt. 
9)90 Io)80 
Mn We I0)65 
6C-+48 )4 8-6 )72 I2 PINS. 
756 | 9/5 (roo ) 52 
A” © | 5(6e-DoubleHoop 


go - F)5o | ; 
Here the third Wheel is the Pin- 
wheel, which alſo. carricth the Pinion 
of Report 8. driving the Count-whee| 


F2o 
Or thus 

Watch- part. Clock-part: 
8)8e | 6)144. 
8)76 | 6)"8 y 26 pins . 
$)60-48)48=6)7 2 qo 8)24 

756 | 6)72- Double Hoop 

| — | 6)60 


g _ A piece of 13 weeks, with Pen: 
dulum, Turns, and Motions, 25 before. 


The 
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Movements. 


S The Watch- part. 
8)96. Or thus | 652 


$)88 - LS. . | 
8)60--48)48--6)72 6)48--48) 48-. 6)72 
7156 "TR 

ZO 30. 

:- mw Clock- -part. 

8)72 © Or thus, a ; 
8{ 64 — 37)30 6) 7 Jaws 20 pins 
8)48——12 pins 20 T — 24)62 


6(43 Double hoop | 6)72 
5)40 6)60 
$ 6, A Seven Month Piece, with Turns, 
Pendulum, and Motions, as before. 
The Watch. | The Clock. 
8)60 8)96 
8)56 8)388 ——27(12 


8148 8)64 ——16 pins. 


'z 


6)4 5* 48)48-6)72 6)48 Double hoop 
$40 6)48 - 


30 

$ 7. 4 Year Piece, of 384 days, with 
Tos. Pendulum, and Motions, as 
before, 


The Watch, The Clock. 
12) zone 
9)72 8)96 — 36)9 
6)64. 6)78 26 pins 
$)60-e48)48-6)72 | 6)72Doubie hoop 
7)56 7 6)60 


39. 
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If you had rather have the Pinion of 
Report, on the Spindle. of the Pin 
wheel it muſt be 13)39. _ 

S 8. A Piece 'of 30 Hours , Pend. 
about 6 inches. 7 

_ The Watch. _ The Clock. 


12)48 7” "OO 
6)78 | 6)78 13 pins 


K. Tf mY | | 6)60 


6)42 1 6)48 
_ 


| $9.A Piece of 8 days, with 16 turns, 
Pendulum about 6 inches, to ſhew Mi- 
nutes, Seconds, &%. 

The Watch. The Clock may 

8)96 - be the ſame 
8)64—48)48— 6)73 with the 8 day 
8 )60 . piece before ; 
8)40 The Seconds Wheel, F 2. 


Is 


S to. A Month Piece of 32 days, with 
Pendulum, Turns, and Motions, as 
the laſt. | | 


'Ch. X. Movements. - 
| The Watch. The Clock may 


8364 have the ſame 
$)4.8 numbers, as 


6)48 — 48)48 — 6)72 the Clock Y z. 


6)45 
6)zo Seconds Wheel. 


295 Drrocon 


Ty 


$ 11. A Year Piece of 384 days with 


Pendulum, Turns, ec. as the laft. 
The Watch part. 


10)90 Or thus, with a Wheel leſs, 


8)64 not to ſhew Minutes and Se- 
7)56 conds, 
6148 —48)48 -— 6(72 8)96 


6)4.5 TT 6)7 2 36)9 
 6)30 Seconds Wheel. 666 
: | 6)60 
— 6( 54 
" =We 


19 


In the latter of theſe two Numbers, 
the Pinion of Report is 36, on the Se- 


cond Wheel. The Dial Wheel is 9. 


The Check part may have the ſame 
Numbers, as the Y ear-piece before F 7. 

C 12. An 8 Day Piece, to ſhew the 
Hour and Minute, Perd. about 3 inches 


long. 


6)96 


Numbers for 


$ I, Numbers for the Motion of the 

Sun and Mom. See betore in Chap. 2: 
SER. 5:S 3, 4+ 

\. 2; Numbersto ſhew PEG Revolution 

of the Planet Saturn, which conſiſts of 


10759 days. 
On the Dial-wheel. If you would make it 


5)69 depend upon a wheel 
4)52 going round inayear 
p44 - thus, p44 orthus, 


Note, The lowermoſt Pinion in theſe, 
and the following numbers,is to be fixed 
concentrical to the Wheel, which is to 
drive the Motion, viz- the Dial-wheel, 
Year-whee), or &c, 

d 3 | Numbers for the Planet Tupiter, 
wich Revolution is 4332 5 days, 


14 ""W "Ba b: nk 
_ NY os *..; 4 
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6)96 The Clock may eve the 
8)64--6)72 Aame numbers, as the 8 
7)49 day piece before y þ 
6)36 
19 
Automata ſpewing the Motion of the Cele. 
fſfial Bodies, 


4(118. 


Ch. X: Movements. 
On the Dial-wheel. - 


4)48 Or thus, on the Year-wheel; 


4)40 Ore 


. 4)36 
4132 
Note here, That the two laſt numbers 


of Saturn, may be the two firſt of Fu- 


jiter allo, - 
By the permiſſion of my ingenious 
friend Mr Flamfeed, T here inſert ade- 


lites ; a copy of which he ſent to Mr 
Flamfteed in 1679. 
Upon an axis (which turns round 


once in 7 days) are four whee s fixed : 


one of 87 teeth, a ſecond of 63 ; the 
third 42 ; and the laſt 28 teeth. On 
another axis run 4 other Wheels {or 
Pinions you may call them) which ace 
driven by the aforeſaid Wheels, The 
afirſt is a Wheel, or Pinion of 22 leaves 
driven by the Wheel 87, which carrie 
eth round the firſt Satellite. The Se- 
cond is 32, driven by the Wheel 62 


which carrieth round the ſecond Sa: 


tellite. The third hath 42 leaves, dri- 
ven by the Wheel 42, which carrieth 
the third Satellite, And laitly, -is the 
Pinion 67, driven by the Wheel 28, 


% 
lite, 


Oa 


ſcription of Mr Olaus Romer, the French 
King's Mathemarician's inſtrument, to 
repreſent the motion of Jupiter's Satel- 


which carrieth round the fourth Satel- | 


09. 


parts, which are the hours in ſeven 
days. 


Numbers for Ch. X, I 


Oa the firſt axis is an Index, that 
pointeth to a circle divided into 168. 


On the other axis all the Pinions 


run concentrically, by means of 


their being hollow in the middle, 
In the midſt of them all, the axis 
of Fupiter himſelf is fixed, with a 
little Ball at the top, repreſenting Fupi- 
ter's body. On the ends of 4 ſmall 
Wires, fixed in the four ſeveral Sock- 
ets of the aforeſaid Pinions, may 4.e(- 
fer. Globules be plac'd (at their due di: 
ſtance from Jupiter's Globule) to repre 
ſent the 4 Satellites going round that 
Planer. 

$ 4. Numbers for Mars, whoſe Re- 
volution is I year 322 days. 
 Oa the Dial-wheel. 


4)43 Thetwo laſt Numbers of $a- 
4)40 turn may be the two firſt of 


4)45 AMarsallo. 


$5. Numbers for Venus, whoſe Re- 


yolution 3s in 224 days, 
On the Dial-wheel; 


 4)3z2 Note, The laſt number of F«- 
4)32 piter may bethe firſt of Venus. 


4)28 


& 6. Numoersfor Mercury, whoſe Re- 
On 


Yolutionis near 88 days. 


0 
V 
| 
| 


Wh %. Movements, 
On the Dial wheel. 
4('56 
| 4)52 ; 
_ $7. Numbers to repreſent the Mo- 
 Ftion of the Dragoy's Head and Tail, 
Fnear 19 years) to ſhew theEclip/es of the 


(un and Moon. : 
0n the Dial-wheel.On theYear-whee]. 
4)48 4)76 


4)40 Note, the two laſt numbers 

| 4)44 Of Saturn may be tlie two 

4)42 firſt of this on the Dial- 
wheel. | 

As to the placing theſe feveral moti- 

ons on the Dial-plate, I ſhall leave ic 


wholly to the Workman's contrivance. . 


Hemay perhaps make them to repreſent 
the Copernican, or ſome other Syſtem. 


Numbers for Pocket Watches. 


£12 turns, to ſhew Minutes and Seconds 

the Train I6000, 

6)96 

6)48-— 12)48=—=12)36. 

645 On .the Wheel [42] is the Se- 

6)42 cond's hand placed, and on the 
19 Wheel [48] the Minute hand. 


= = . I > = PRIEST > Ws. So - nm EA een We-etinecty are e- - 
Sree an OI an AID Cp oP.» nn 2 AR PEAR. — , ” __ 
_ n l 4 P % Om © — 
Doo ov So<IWeryc FLEET ACS YO Opie” +a 1...7 : . DN A 5 Www oy emo ao IV os 
= —_— . — - | 


q 
F 


Oar err re 


2: « fn UPI OE IS Ve FacC ne cds 
Cop 


_— - __ 
« Sho ef wn We Fore + 29g, met 
t- 3495 * Var do gue wy tr Oe oe ers, 


 Newbers hs. WS Oo | 


6 2. Another of the ſame, without 
Minutes and Seconds, to go with only 
8 turns. 

20)r0 
6(66 
6 )60 
5)59 
F)45 


20 
$ 2 A Pocket-watch of 32 FR 
with Z turns, to ſhew Minutes and Se. 
conds, Train as the laſt. 
12)48 
6)48 — 12)43— 12)36 
6)45—Seconds Hand. 


DOE OE 


I9 


If this Crown=wheel be too large 
you may uſe theſe numbers, viz. 
12)48 
6)48 
6)45 
6)48 Seconds hand. 


| Wi OS Was 
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$ 4. The uſual Numbers of 30 hours 


Pendulum Watches, with 8 turns, to 
hew the Hour and Minute. : 
12)48 WE 
6)54—— 12)48 = 12)36 


6)48 
6)4 — 


nun? 


8 3o hours Pocket-watches. 


i 


T5- . FE ng ng | | 
\ 5. The uſual Numbers of the old 


With 5 Wheels. With 4 Wheels. 
10)30 | | 6)32 ; 
TT - 6)66 
Res reo © © 
—_—_ Ll 
6)32 — 
m—-——_ | I7 
T8 


If any of the Numbers of the pre: 
ceding Wheels and Pinions ſhould not 


pleaſe the Reader, he may eafily cor= 


're& them to his mind,/by the Inſtrudti- 


ons in the foregoing Book, The way 


in ſhort is this : Divide the Wheel by 


the Pinion, and fo find the number of 
turnc, according to the Chap. 2. Sect» 
1.S 2, Multiply the Pinion you like 


| better, by this number of turns, and 


the Product is the Wheel, Thus in the 
8 day Pocket-watchyY 7, if you think 


the Great-wheel too large, you 
| may 


» 
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of . 
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may make it inſtead of 6)96(16, thus, 
wvizz 5)80(16 : 3, 6 Chuſing the Pinion 
only F , and multiplying it by 16 (the 
gurns) the Wheel will be 80. 


CHAP, XL. 
| Tables of Time relating to Watch 


work, 


Econ A Table of Tune. 
"—_ Minutes 


$———— - 


Day; 


fone! 


ready 168] 7 Te 


| +006 AE GAG 


w 
. 


Mont h 


2592000, 43200, 720] 30] 4 


— 


| Widvc B 
31536000 525600 87601365 52 | 32 [year 


The foregoing Table will be of good 
uſe in Calculation, for the ready find- 
ing out the parts of time : which 1s 
thus. Find the parts of time you ſeek 


for, the number in the concurrence of 
Squares, is the anſwer to your queſtion. 


Thus ſuppoſe you ſeek for the number 
ofSeconds in aYear :in theSquare under 
Seconds, and in the ſame line with Year 
( which is the lowermoſt Square on the 
et 


Numbers for, &c. cx 


le 


+» 
| WO } 
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Ch, XI. Tables of Time. 


left hand) is the number ſought, viz; 


z15,-&c. So Minutes in a Month, are 


43200, ; 
If you would know any number, 


wy 


where there is the addition of an-odd_. 


number to ie, as the Seconds in a month 
ind one day ; add the Seconds in a 
month (which are 259—) and the Se- 
conds in a day (which are 86 )and 
you have the Number ſought, vis. 


2678400, 
A Table te ſet a Watch by the Fixed Stars. 
: Night Hour.Min. Sec] [Night|Hour.Min.Sec. 
"YG % | 1x 3 an 
T2810 7 FT 7 Bl 
T3 © It. +l 18 | x 1x 14 
$1 6 If 43100 13 IT I 
cl o 29 dalfaoi 1 19 8 
FH CE 
Ti 0 27 0122041 1 37 4 
G1 © 33 FIT] ST $9: 32 
[ 21 9 $59 $41 441} * 36 55 
017 0 239 201 2071 1 28 £4 
|I1] © 43 26/| 26] I 42 49] 
I2| © 47 23||27 | I 46 46j 
13] © FI 29| 28 | 1 Fo 43] 
14 | 0 FF 26] 29 | I 54 40 
x5 1 0-59-2411] 20-1 rx 8 26] 


Tables of Time. Ch.XI. | 

Explanation of the Table. $ 

This Table ſhews how much the 
Sidereal goeth faſter than the Solar 
day, in any number of nights fora 
month, So that obſerving by your 
Watch, the nice time when any fixed. 
Star cometh to the Meridian, or any 
other point of the Heavens if after 
one Revolution of that ſame Star to the. 
{ame point, your Watch goeth 3'. 57" 
_— than the Star ; oX _ 
nights 7%: 54'; or 16 nights, 1 hour 3", 
20", Oc. then doth your Watch keep 
time rightly with the Mean motion of 
the Sun, If it vary from the Table, 
you muſt alter the length of your Pen« 
dulum to make it ſo keep time: 

To obſerve the time nicely, when 
the Star cometh again to the ſame point - 
of the Heavens 'tis neceſſary to make 
the obſervation with a Teleſcope, that 
hath croſs threads in the focus of the 
objet-glaſs ; and o leaving the Telef. 
cope fixed on the ſame poſture, till a 
{ſecond obſervation. You may do this 
with the Teleſcopular ſights of a Qua- | 
drant, or Sextans, or any other Telel- - 
cope, and ſo leaving it ſtanding until 
another night of obſervation. Or for 
want of this more nice way, you may 
do it by looking along by the edge of 
two Strings, ſuſpended with Plumbets, 
ina room, at ſome diſtance from one 
alQO- 
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Ch. XI. Tables of Time. 
another. Or by looking at the edge of 
a Chimney , &%c. as Mr Watſon hath 
directed, at the end of Mr Smith's Hordl, 
Di/qui/. But to make a tolerable obſer- 
vation any of theſe laſt ways, *tis ne- 
ceſlary to have a Candle ſhine upon 
the edge of the furthermoſt String, or 
Chimney ; without which you cannot 
{ce exactly when the Star cometh there- 
to. | 
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| | A Table ſhewing the Variations made in the 
true Honr of the Day, by the Refrattion of 
the Sunin the Equator and both the Solſtices, 


Sun'sSun's Variation[Variation| Variatio! 
[2 Iti- [Refra-lat the N. ſat the E+| at the S. 
itude [ion. |Solſtice. [quator. | Solſtice 
[ID eg} 6 t IL , FJ I 0s 

| 003300 4 34 | 3 32| 4 36 

: 1123 00].2 34 | 2 2 3 19 
M 17 00] 2 24 | 1 49 | 2 31 
311339] 146] 127] 2 3 
4|rT 30 129 | 1 12 x 40 
FE PIN # 81 3 1 © oY 

6] 720] 0 56 | ,0 49 | I 17 

71 700, 0 $2] 0 44| I 16 

$| 600! o 43 o 29] x 8 
| 9] F500 0361] 0 34] I 2| 
l10 1440 0254} 029] 1 2 
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Ramarks upon the Table, 


 TheColumn of the SunsRefractions, 
I owe to that accurate obſerver of the 
celeſtial motions, Mr Flamfteed. Which 
Refractions,altho in the Table they are 
" the ſame, yet do differ at different ſea- 
{ons of the year, nay perhaps, accord. 
ing to the different temperature of the 
air ſometimes,in theſame day. Thus Mr 
Flamfteed found the RefraQions in Fe- 
 bruary, very different from thoſe in A- 
pril: and it is obſerved , that the Re- 
fractions are commonly greater, when 
the Mercury is higher in the Barome- 
ter. PO Yn 0 
The Table therefore doth not ſhew 
what the Refra&tions always are, but 
only about the middle quantityof them, 
at every degree, of the 10 firſt of the 
Sun's altitude. {And accordingly I have 
_ calculated the variations thereby made 
. in the hour of the day. 
Theſe variations of the hour are great- 
er or leſſer, according as the angle of 
the Sun s diurnal motion 1s acuter with 
the horizon. 'The reaſon is plain ; 
| becauſe as theSun appears by refraction. 
higher than really he is ; fo this falſe 
height doth affe& the hours in Winter, 
more than the Summer half year, 
There is no ray indeed of the Es 
at 
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Ch. XI. Tables of Time. 
but what cometh refracted to aSunsdial, 
and conſequently, there is no Dfal but 
what goeth more or leſs falſe (except 
fat Noon in Dials that caſt a Shade, 
where the refraction makes no varia- 
tion. ) But the Refration decreaſeth 
apace , as the Sun gets higher, and 
cauſeth a variation of not aboye half 


a minute at Io degrees of the Sun's al- 
titude ; except when the Sun is in, or 
near the Southern Tropick; Nearer 
than half a minute, few common 
Sun-dials ſhew the time. And there- 
fore partly for this reaſon, and partly, 
becauſe Mr Flamfteed's obſervations 


reach not much farther, I have calcu- 


lated my Table to only 10 degrees. 
The Table needs little Explication. 
For having the Sun's height you have 
againſt ic, in the next Golutan, the 
Refraction : and in the 3 next the al- 
terations of the hour, at 3 vitnes of the 
year. Taking therefgre by 4 Qua- 
drant the Sun's altitude; and obſerve at 
the ſame time, the houe of the day by 
a Sun-dial, by the Table, you ſee how 
many minutes, and ſeconds, the Dial 
is too faſt, As at the Sun-rifing a Sun 
dial is too Faſt 4". 34", about Fune 17, 
and 3. 32”, about Mar. To, and Sept. 
12, and 4 38' about Dec, IT, 


| 
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TRE A LISE 


W atch O's Chck-work, 


CALLED 


| The Artificial Cioct- -Maker, 


Wherein is C ontain d, 


| TI, The Anatomy of a Watch and Clock. 


2, Monſieur ? s Sate :llite-Inftrument: . 
with Obſervations concerning the Czlcula- 


tion of the Eclipſes of Fupizer's Satellites, | 


and to find the Longitude by them, 


| 3. A nice way to correct Pen: 1 ulum Watches. 
| 4. Mr Flamjieed's Equation Tables. . 
5. To find a er idian-Line for the Governing , 


of Watches, and other Uſes. 


6. To makea Teleſcope to keep a Watch by the} 


Fixed Stars. 
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SUPPLEMENT 
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Pon a review of my Book, it 
order to another Edition, I 
bave thought it neceſſary to add ſome 
things, and to make ſome ſuall a- 
mendments in the body of the Book 
it ſelf. na mais 
And becauſe I think it a piece of ju- 
ſtice owing to the Buyers of the firſt 
Edition, that I ſhould endeavour, as 
much as I can, to make their Fdirion 
as compleat as this : tnerefore. inſtead 
of inſerting wh at this Supplement con + 
tains into proper places of the Book, T 
have rather choſem 19 put it rhapſedi- 
_ cal ly together ;, and taken care that it 


be printed jo, as to be bortght by ujelf 


4 Jy VT . - 
at a {mail price. 
A_ 2 
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__ Tothe Reader. 
Alſo T think my ſelf obliged, to be ||. 


at the pains to colle® the moſt material. 
alterations, and amendments which I 
have made in my Book, and here to 
rg them in this Supplement : where- 
by the Reader may ſupply with his 
Pen (if he pleaſeth) what 1s wanting | 
7n the firſt Edition. 

The Purchaſers both of the firſt and | 


of thisEdition will (we Mooga both 


the Bookſeller and me, for reducing this 
Edition into a leſſer Volume,that it may | 
be more portable for the Pocket, and (we || 
hope ) both Book and Supplement too, 
cheaper ;, at leaſt, not dearer than the 


firſt Bditiow, for the benefit of poor 


workmen. 


The Appendix. 2 
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WPaſages wanting in the firſt 
| Edition. 


a | Age x. line 2. after pocket* 
watches, add [ and others] 1. 4. 
afrer wheels, add | whence it 
 flath ies Name] 1. penule, dele [ſom- 
- times.] nn 
| P. 7. After 1; 11. add [the Train is 
the Number of Beats which the Watch 
naketh in an hour, or any other cer- 
» ſtain time. ] 
| P. 10.1. 24. after Wheel 4o,add[ which 
* ſuns concentrical, or on the ſame arbor 
with che ſecond Pinion x. }] 
P: 12. 1. 3. after has, add | as hath 
ken ſaid, ] "5 
Þ. 15.1, 15, add in the Margin [ſee 
de. 1.9. 3-] , 
L. 23, In the margin add | See Sect. 
IS, 4.] 
P. J |, 6, add in the Margin { See 
) 4.] 
P. 20,1. 20, for 2196. r. 20196. 
P. 25. 1. 2. after Report add | fixed on 
he Great-wheel. | - 
P. 28, 1.9. add in the Margin [SeQ. 


LS. 3.] 
: G 2 P20; _ 


'® 
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P. 30.1. 22, in-the Margin add[$.7] | 
P: 34+ 1. 14. after Report add [ andthe 


Count-wheel. ]. | 
P. 25.1. 12. after Rules, add[To find 


how many ffrokes the Click riket in one 


turn of the Fuſy, or Barrel. 

oY. 9, after Rule 2, add | To find hos 
many Fa the Clock will go.] 

L. 27. after Rule 3. add [To find the 
number i turns of the Fl or Bartel} 

P. 36. 1. 21. after Rule 4, add [To fix 
the Pin, of Report on the $ Svindls of the. Great- 
wheel, | 

P. 38.1. 8. after turns, add: [of the 
Fuſy.] 

L.. 25. after They add [ (if you make 
the Gwe the Pin-wheel.) ] 

P. 53-1. 9. after Motions, add[ inf 
Watch-work ] i 

P. 57. 1 17. amend thus [10)59(5,9)] 

P. 58.1. 26. r. [round by a] 

P * |. penult. afrer Tothe, add[ {quart 


of the. ] 
P. 112. 1. 20, add Fas thus with 16 
turns. ] 
12)72 
8)64 
8 )60 
7)56 
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| P.122, to\l 3. add [if this Crown-. 


Iwheel be too large you may ule theſe 
[numbers, viz. 


6(45, 
-- 648 Kconds-hand 


REA 2ooongs, 


T 
P. 126, 1: 24 after Sextans , add ſor 
Jafy other Teleſcope. }] _ 
| P. 132.1. IF. after 2, add [by the 
Widirections in Chap, 2. Seat. 2.S$.5 J + 
L. 18, after [add | as in the Move- 
[ments in c<, 10] - , 
; . G_— 


km—— — 


w © 
An Explication of the Figures. 
Fig.1,.Repreſenteth the parts of a Watch 
and Clock deſcribed in the Book, Ch.1. 
The Wheels, &c. on the right hand, 
is the Watch-part, They on the left, 
the Clock-part. 
A. A. A. A, The upper Plate. of the. 
Frame: which you may imagine to be 
tranſparent (as of glaſs) to admit of a 
Proſpect of- the Wheel-work under- 
[neath it. | 
8] B. B. B, The lower Plate of the Frame. 
W--C. C. C. C. The Pillars. | 
D. D, The Spring- Boxes of the Watch, 
and Ciock-parrt. 
E, E, The Great-wheel of each part. 
A 4 EF, 


The POR 


F. F. The Fuſy. of each part, about | 


_ the Chain, or otring is Wrap- 
pe 


00 g: g.8. 8.8, The Ratchet of each || . 


part. 


a.a- a. The Hoop,. or Rim of the Se- 


cond wheel, 


b. b. The Croſs thereof. 
c. The Pinion, 

H., The Contrate-wheel.. 
j, The Crown-wheel, 


d. d. The upper and lower Pevet 


thereof, 


K. A piece of Braſs, in which thell 
Pevet-bs fe is, in wnich the Pevert d. play= 


Eth.. 


L. The Pin-wheel, with - the Striking- 


Pins E. S. '.* oP E 
 __ M., The Detent-wheel. 


N. The Warning wheel , or fourth 


wheel. 
O The Detent, 
P, The Liftmg-piece- 
. Q. The Fan, and Flying-Pinion.: 
 R, The Bell. 
S. The Hammer, 
T. The Hammertail:; 


V. V. The Chain, or String of the 


Watch, and Clock, 


x. The Verge or Spindle of the Bal- 


lance, or Pendulum, 


y. Y. y. The Rod of the Pendulum, 
Z. The Fork, 


3y 


it | 


n 


y 
| bo 


es 
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2. The Flatt. | 
Vs The Great-Ball. 


4. The Corredor or Regulator. 
' F. 5. The Pallets, | 
og II. 


Fig. 2, 


 Rerpreſenteth the Satellite Inſtrument 
of Aonſ. Olaus Romer, deſcribed in the 
Book, page 109.- 


——— —— - 


A. B. the upper Plate- of the Inſtru- 


ment. 
.C, D. The lower Plate., 


— K.L. An Axis, or Spindle, on which | 
four wheels are fixed, and turn round 


with it, and with the Hand L. once 


1n 7 days. E, F.G, H: are the Seckets, 
or hollow Arbors of 4 wheels running. 


concentrically. 
The hollow Arbor H. carrieth round 


the Firſi-Satellitep, and belongeth to the 
Wheel, or Pinion 22, which 1s driven 


by the fixed Wheel 87. 


The hollow Arbor G. carrieth round 
the Secona-Satellite S, and belongeth to 


the Wheel 32 which 1s driven by the 


wheel 63. And the like of the Arburs 


EF, and Es 


Within all theſe hollow Arbors is 
another fixed one included, on the top 


of which is a Ball (1) repreſenting the 


Planet Fepiter ; round which the Sa. | 
1, © 4 ED 

ze/ſites move, repreſented by ths ities - 

Baiis P.f-t. dg. Uhs + 


Lo 
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This - Satellite. Inſtrument. may 'be ad- 
ded to a Watch, by cauſing the Great- 
wheel or Dial-wheel to drive round the 
Arbor K. L. once in. 7 days. - To do. 
which-. there are ſ{uffiicient directions. 
given in the preceding Book. 


The ufe of the foregoing Inſtrument , 


This- Satellite-Inſlrumment may be of. 
good uſe both at Sea and Land to affiſt 
in finding the longitude by Fopiter's Sa-- 
rellites:partly,by-giving notice when an 
approaching Ecliple is, that .we may 


be ready with a Teleſcope to obſerve it ; 


and-partly, when any Eclipſe happen-- 
ethy to ſhew which Satellite ir is that is 
eclipled, which is difficult to -be-ſeen 
in the Heavens: and partly, to ſupply 
the place of Tables, or Calculation of. 
the Satel;ite-Eclipies, which it may do. 
for a lictle-while, but it muſt aot long. 
be truſted unto... 

Te may ſeem foreign to my ſubject, 


to ſhew how the Longitude may be found 


by . Fupiter's Satellites : but becauſe I 
would with all my power adrance this 
way (which far tranicenss all others 
yet known,elpecially that of the Log- 
line) therefore I hope the Reader will 
excute this Digreſiion.. 

ihe way totind the Longitude, by an 
Ecliple .of. any of  7zpiter's four Sate!- 


' $5 1PY 
S$1TS? 
b:3&9 » 


\ the —- of W--. 
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lites is briefly this: knowing by Tables: 
of the Satellite-Ecliples (ſuppoſe ſuch 
as Mr Famſteed publiſhed in the Phzlof. 
Tran/af, No 177, and afterwards gave 
Parker leave to publiſh in his Almanacks, 
knowing I ſay) the time when an E- 
clipſe happeneth in any one part of the 
World ; obſerve by a Tele{cope,-at what 
time the fame Ecliple happeneth in 
any other part ofthe World, the ditfe- 
rence of time giveth the difference of 
Meridianus, Thus a total Immerſion p36. 
of the firſt Satellite was obſerved at 7rav/. Dec. 
Rome, at 10 h.&7 523 ' p.m. Which 1555: 3%: 
Mr Flamfteed notes at 9h.15' 417, The © 
difference is 52' 12''; and conſequent: 
ly,Romeis g2' 12", or 13 deg. 03 diſtant 
from the Meridian of the Ergiith 
Obſervatory, where Mr Flamſteedobiciy'd. 
IC; 
TI once had thoughts offhewing the 
way tocalculate the Ecliptes of Fupi- - 
ter's Satellites, and to make Tables 
thereof, by: the help of my very good 
Friend Mr Flamfeed's, and ſome other - 
oblervations ; bur conlidering that it - 
would be too great a digretijon, and 
elpeciaily that Monſieor Cajpzi barn + 
very ingeniouſly, and well done it for 
the Firff, Tihall therefore referthe Rea- - 
der to his Tabies, reduced to the Aderi- - 
dian and Style of London, by that very 
zudicious Mackematician Mr - Haley, in » 
Philsj. Tranl, No 2534. Vine - 
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The Reader, I hope will pardon me, 
if (before I leave this digreflion) I ob-- 
ferve a few things which may be of uſe;. 


not: only.in the - Calculation of the 
Eclipſles of the 3 outermoſt Satellites, 


buc:alfo may contra the: labour of- 


Galculation in the firſt. 
The firſt thing to be obſerved is 7up:- 


ter's' place. For if he be on his Aphe- 
_ tiin,he moves ſloweſt ,and-conſequently. 
the Satellites make their returns to him- 
ilomewhat ſooner, than. when he is on 


his Mean diſtance and Peribelion, By Mr 


Flamſteed's firſt Tables the firſt Satellite. 


 Y £ O63 5 


* —_— 


makes-13 revolutions to Jupiter, when | 


he i5.0N-h1s..- | 

| —__r T7 
Apbelion 11 —= mu_—_s 27 CO IO JO 
Mean diſt ance $300: 123-: af 


Peribelion = —— 2% CO «> all. 
| 3 


The Second Satellite makes ro Reyo.. 


:ttions when Tepiter 1s on his 
a. IT OR 

Adbelion.in —— 25 12 FF 10 

Mean diltance. ——= 35 T2 59. oo 


Perebelion ——— 9J5 13 T5 


ty 


"T 
The Th rd Satellite makes 5 Revoluti- 


ons when 7upizer. 15 on his 

days he © 
Aphelion in mmm 75 19. 50 15 
AMean-dijt ance ——= 35 19 58 co 


} 194 Tr j) 1 fd 
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The: Fourth, or furthermoſt Satellite 
makes 5 Revolutions to Tapiter in his 
Mm _- OO. 
Aphelion in — 82. 175. 42: 5x5” 
Mean-diſft ance —— 02 - IS 25 IF 
Peribelion. — Y I9. 12 : + i 
From this account it is eaſy to com- 
pute .in what time one Revolution of. 
any Satellite is at any time performed : 
which is the next thing to be obſeryed. 
Thus. in Fupiters Mean-diſkance the 
Revolution of the 


days 1 9 4 
Firſs Satelliteis— 1 18 28 26 
Second — — 3. 13 17 54 


Third ————_— — 7 _ 2. 9. 36 
Fourth =—— 16 19” of 03 
'The Reader may himſelf, from-whaz - 
{ hath been faid, compute the Periods of - 
the Satellites in Fupiter's other places. 
From theſe things laid down, it-is - 
eaſy. from an Ecliple known, to find 
the next: that will follow. For if you 
29d ONE, Or MOT 2 Revolutions,. you- 
have the Eclipſes following. Thus for 
example, Fuly EE TY 
12 ms your  ,,, , SEW | 
1700, accord. JH 12 14 18 co 
ing toMrFlam-. 1Revol, 1 18 28 36 
[reed 's  COMPuU* T ul IS © 46 36 


tation,the ficſt 4 Revol. - ES Gs 24. 
Satellite comes TFyly 21 10 4r oo 


; WHAT 8g. 


co 
OUT Or 7 


ſhadow 


F-1- 
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ſhadow at 14 h. 18 p. m. (according 


to Mr Caſſjni's at” 14 h. 209) 56” p m.) 
conſequently the next Emerſion is on 


Ful. x 4th paſt 8 of Clock in the evening. 
If: you add 4 Revolutions, another 
Emerſfion is on Fl. 21 at 10h. 41 nearly 


P.' 2. as here is exempliſted in the Mar. 
o1N, _ - 
The Jaſt thing TI ſhall take notice of 


concerning the Satellite Ecliples is 


their Durations, This varies according 
as Tupiter is nearer unto; or remoter 
from the 1oth degree of *%: or & 
(as Mr Flamfteed ſays.) About which 


points are the Nodes, or interſe&ions 
of the plane'of the Satellite Orbit and' 


Jupiter's, or - the Fovial  Ecliptick. Mir 


Caſſmi makes it in 159 of % or Qt, 


and varies in the length of the Duration 
of the Eclipfes. But according to Mr 
Flamſteed (the accuracy of whole obſer- 
vations 15not'to be diſtruſted) the great- 
ef Semiduration of the 


h ? "7 
Firſt Satellite is. 9 28 
SECONd =——— I 27 28. 


Ehid —— — x 438 55 
Fourth. ——— 2: 26 19 


But as Fupiter removeth from his 


Nedes, the Semidurations diminith. And 


when he is gotten 55 degrees from: 
euher of Its Nodes, nas Fourth Satellite ; 


palleth clear of the ſhadow, and fal- 


L142 
ett 


| 


i . 


SQ CGTax# Eras YE 


| The Appendix. 


leth not into it again, until he comes 
within 5F5- degrees. of. the. oppoſite 
Node. 

When Tupiter is on the Limit, or 90+ 
degrees from.his Nodes, the Leaſt Semi- 
duration of the Eclipſe of the. 


A , 
Firſt Satellite is-x 6 49 - 
Second —— Xx: 18 9. 
Third oo———_—_ 7 = 3 


From this account of the Duration- 
of the Satellite Eclipſes, we may , having 


the Immerſion into Fupiter's ſhadow , 
compute the Emerſion of any Satellite 
out of his ſhadow-; or contrariwiſe, 


| which will be of uſe to fee both the. 
beginning. and end of any Eclipſe, 


when viſible; I mean , when. not 


hindered by Clouds, day light, or 7upi-: 
ter's body. Or if by ſome of theſe means-- 
we are hindred from ſeeing the one, 
we may perhaps hereby. ſee the other.. 


Thus (for inftance) this Auguſt 6; 1700. 


tne firſt Satellite immerpes at 6 h, 44. ?. 
2m, Which cannot be ſeen, not only by. 
reaſon of day light, but alſo becauſe 
Tapite's thadow lieth a little to the. 


I:fr of his body ; but if you add ons 
whole obſcuration(viz.twice noh.g! :8 * 
the emerfion you will find viſible at 9 h 
{| according to. Mr Plamſfeed -$t-9 i; 
a acctiding to Monitcur. Cajſtai's Fa: 
bles. Another inftauce will make all 


yer. 


2L. 


—_— 


- heard of it ang. others. (except Monſieur 
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yet more plain, O#, 19. at 9 h. fo' ps 
7m; the 3d Satellite will emerge ; from- 
which ſ{ubſtrating one Obſcuration 
(viz. twice 1 h. 48 ) you will find the 
:mmerſion fall at 6h. 14 p;m., Which 
may be ſeen, by reaſon that Fupiter is: 
at a goed diſtance from his Oppoſition 
to the Sun, ſo- that the ſhade lies ſo. 
far on the left hand , as to admit of 
leeing the 3d and 4th Satellite between 
Fupiter's body and his ſhade. 

I might to theſe have added divers- 
other-remarks, particularly. concerning. 
the Equation of Light, or the time in 
which Light paſſeth from the Sun to 
Zupiter,, which is at laſt ſettled by that 
{agacious Obſerver, ſo often before 
mentioned; Mr PFlamſzeed, But I muſt” | 
forbear, fearing that I have already 
wearied the Readers patience, and ſhall 
need his pardon for detaining him 
ſo long on this ſubje&; from ſo {mall 


,an occaſion, as only a Satellite Inſtru. 
ment of Watch-work., But I was wil- 


ling from a ſmall occaſion, rather than 
not at all, to fay ſomething to excite 
the obſervations and enquiries of others 
concerning this matter, Which may 
be of valt uſe in Navigation, making 
and correging Maps of Countries, &c. 
Many of thoſe, to whom this matter 
would be of greateſt uſe, ſcarce evec” 


Caſſmi ) 
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Caſſini) have been backward in favour- 
ing the World with their obſervations- 
neceſſary to Calculation, It is indeed i 
a novel ſubje&, and fall of difficulties, 
on which little hath been written, and 
concerning Which the firſt material 
obſervations, to be relied on, were 
Hodierna's and Mr Rook's. Thoſe of 
the former were publiſhed, but not 
very accurate : thoſe of the. latter were 
more accurate, but not publiſhed, and 
neither of them are yet Fo years old. 
But neirherNovelty norDifficulty ought 
to diſcourage the curious and the dilt- 
gent ; to excite whom 15 - partly the 
defign of this digreflion, | 


In! 


To corrett the mition of Royal Pendulums. 


| & Chap. 5. of the preceding Book, . i 
I judged"it to be a good expedient, ol 
to bring a Pendulum to vibrate nicely, to 
add a Bob underneath the Pendulum 
Ball. This I have ſince found to ſac- 
ceed fo much aceording to expectation, 
that T think it frivolous - to attempt 
by any of the uſual ways to bring a 
large ſingle Ball to vibrate-to one ſingle 
Bear, in any conſiderable quantity of 
Time. But when the Grea: Ball is 
brovght pretty near its due length, the 
littleRegulatingBob will nicely perform 
the reſt. 

The 


. 
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The Great Ball being of the uſual 
weight and form, to {wing Seconds, [ 


would have the CorreFor, or Regulating 


Bob, to bs about 10 ounces Troy, to 
ſcrew up and down beneath the Ball ; as 
is directed in Chap. 5 before. 

But after all endeavours of this kind, 
it muſt be expected, that the Movement 
will ſtill be expoſed to the influences of 
the weather, and the alterations cauſed 
by foulneſs. 

For the more eaſy and quick bring, 
ing of a Pendulum, that ſhould {wing 
veconds to its true length , I: have 
compoſed the following Table. , which 
ſheweth the alterations. which will be 
made in 24 hours by ſcrewing up, or 
letting down the great Ball, If therefore 
the Ball runs upon a Rule divided into 
inches, and tenths of an inch, *tis eaſy 


to ſeehow much, or how little the Ball. 


needeth to be altered. . 


| 


| Ye hs + * 
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20 
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22 


37 
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14% 55 
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33 
43] 


| lirtle explication. Tf 
your Ball ſhould'be at 
39 inches 2 tenths, it 
' would ſwing Seconds. 
If you alter it to 429 


woald go 1' 51” faſter: 
if to 39 inches 3 tenths, 
'1t would go 1' i” 


' flower. And ſo of the. 


| reſt of the Table.. 
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8 t: 
| | j 
4 of 
b 'z 
| F4 
|| | 
- 7 

Þ 

\ 

£ 

E 


| __ This Table will need: 


inches, 1 tenth, it 


>, 
A 1 FM 
bo 
Þ þ * x 


| ot : 4 » : 84 þ Fr wo : 4 
"q 2 WW, Fr ts v; bf ﬆ " 
vx » "I 7 a: : ” . - 
| I z Th 4 \ 
Ws PE: A CH dix | 
<= | | Pp p ". 
: s FOIA 

IV. 
7E 


Of the Equation of Natural Days. 
DD Y reaſon that the Sun's motion in 
LJ) his Orbit is not equal, and that 

although he moved equal arches of the 
Ecliptick in equal times, yet he would 
come to the Meridian with unequal | 
arches of the Equator, by whoſe equal | 
Revolutions the Equal Time is meaſured :; 
hence (I'fay) it wil. happen, that altho 
a Clock ſhould go fo exactly, as at 
the years end to agree with the Sun, 
yet it will vary from the times ſhewed 
by the exacteſt Sun-Dials, The quan- 
; tity of which Variations may be ſeen 
in the following Tables for every day 
in the year. For which Tables I am 

_-oreatly obliged to that moſt accurate 

Aftronomer Mr Flamſteed fo often men-_ 

tioned. . 
Theſe Tables need but little explica- 
tion. If you would keep your Watch to 
the Aiddle or Equal motion of the Sun, it 
muſt go ſo many minutes and ſeconds 
faſter or ſlower than theSun-Dial,as the 
Tables ſhew.But if you would keep your 
Watch to go by the Sun-Dial, you may 
conclude it goes well, if it loſeth or 
gaineth every day, ſo many Seconds as 
you will find in the Table. Thus (for 
example) Fan. 1, 1n Leap year, the Watch 
Ought to be 8 min. 47 Sec. faſter than 
the 
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Of the Equation of Natural Days. 

DY reaſon that the Sun's motion in 
LJ his Orbit is not equal, and that 
although he moved equal arches of the 


Ecliptick in equal times, yet he would 


come to the Meridian with unequal 


arches of the Equator, by whoſe equal | 


Revolutions the Equal Time is meaſured ; 


hence (I'fay) it wilL.happen, that altho 


a Clock ſhould go fo exactly, as at 
the years end to agree with the Sun, 
yet it will vary from the times ſhewed 
by the exacteſt Sun-Dials. The quan- 
tity of which Variations may be ſeen 
in the following Tables for every day 

in the year. For which Tables I am 
_-oreatly obliged to that moſt accurate 


tioned: ; | 
Theſe Tables need but little explica- 


tion. If you would keep your Watch to 


the Aiddle or Equal motion of the Sun, it 
muſt go ſo many minutes and ſeconds 
faſter or ſlower than theSun-Dial,as the 
Tables ſhew.But if you would keep your 
Watch to go by the Sun-Dial, you may 
conclude it goes well, if it loſeth or 
gaineth every day, ſo many Seconds as 
you will find in the Table. Thus (for 
example) Fan. 1, 1n Leap year, the Watch 
Ought to be 8 min. 47 Sec, faſter than 

the 


Aftronomer Mr Flamſteed fo often men- 


. - 
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| 52r. The Uppendix. 4 
tho-Sun Dial : 'on; Fay. 2.it ought to be 
9 10, ©. If you would. know on 
Wche fame days, whether your Watch 
goes well, when kept to go by the Sun- 
dyal if ſet on Far. r. it hath gained on 
Fan. 2. as much as 8' 47” wanteth of 9'. 

Io”, vis, 23” you thay conclude your 
1 Watch goes well. Otherwiſe you muſt 
{crew up, or let down the Ball or Cor» 
refor, until itloſeth, or gaineth accord= 
ing to the Equation Tables. 

| The Tables will ſerve for many years, 

f being mede for Bzſextile, and the 3 
BY years following. By an Almanack 
comg; pot or any other way, knowing 
the Year, you may find what Table 
you are to uſe all that year. 
By reaſon of the Refractions, or 
| ſome error in the Sun-Dial, it may be 
convenient to compare, or ſet your 
Watch at ſome certain hour of the day. 
Noon is a good time for it, if you have 
 anice Meridian-line, or any way to ſee 
|| when the Sun is exactly South, becauſe 

the time of the Day is not at all then 
I varied by the Refcactions, in Dials 
that caſt a ſhade. 
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E ridian=L ne, 


Tofnd a 

It may happen that we may be at a 
Place , where there is no Sun-Dial, or 
not one to be relied upon ; or indeed 
| where 


EC 


where we have a goo? one, it may be 
of great uſe to us-to have a Meridian- 
Line; For the finding of which there 
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The Appendix. | | 


are divers ways, but I ſhall ſhew only 
The firſt is, draw one or more Circle 
on ſome plain, as on the bottom of a 


. Southern Window, (Or you may 


make the center on the Southern edge 
of the Window, and draw only half cir- 
cles.) Hang up a- Thread and Plumber 
exactly over, or in the center of the 
Circles, By a Bead or two ſliding up 
and down the Thread, mark out exact- 
ly the points of the Circles, touched 
by the Shade of the Beads in ſome of 
the Morning Hours (the longer before 
Noon the better.) In the afternoon 


when the ſame ſhade of the Beads touck- 


eth the circles,mark that point,or points 
allo. A line drawn thro the Center, 


and in the middle, between theſe two. 


points in the Circle,is the Meridian«line, 

or near ſo, EE 
Tf you can't hang up a Plumber,a Pin 

ſet exactly upright will do the matter, 


Another, and better way, is by the 


Pole ftar, when it is exactly upon the 
' - 49 FP Wn W 
Meridian, Or if but near fo, te error 
Will not be great. 

You may ind the time When thePole= 
ftar comes to the Meridian, by Sub” 
ſtracting the Suns Right Afcention from 
he 
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«5 


right Aﬀcention of the Pole-ſtar, and 


turning the remainGer into hours, mi- 
nutes and ſeconds, allowing to every 
degree four minutes of time, whereby 
you will have the Apparent time, when 
the Pole-ſtar comes on the Meridian 
above the Pole. I ſcarce need to ob- 
{erve, that the time when it COMES Us 
der the Pole is 12 hours diftant, 


You may ſhorten your labour,by uſing 


Tables of the Sun's right aſcention in 
Time, which you may- find in Sir 
F, Moor's Mathem. Compendium. 

Note, If the Sun's R. Alcention exceeds 
the Pole-ſtarsR, A. you muſt add 24 hours 
to the Polesſtar's R. A. & then ſubſtrac. 
The right aſcention of the Pole-Star is 
determined by Mr Flamſteed oh 33'. 44 
of time in the year 1690, and the in» 
creaſe of its R, Aſcention 1. 16" of time 
in To years, Therefore this preſent 
Year 1700 its true R, Aſcention is ci 
2F*. oo" oftime, 

If the unlearned Reader ſhould think 
this way difficult, he may ſee when 
the Pole.Stay comes near the Meridian, 
by hanging up a Line and Plumber, 
and oblerving when rhe firſt Star in the 
Great- Bear's tall, next her Rump, comes 


__under.the Ling on one fide of the Pole, 


or when the P:umb-line interſects the 
Star in Ca/ſope:a's Knee on the other 
fide of the Pole. - 

Wien 


2. 
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. When the Pole-far is found to be on 


_ the Meridian, if you hang up two 


ſtrings with Plumbers, between the 


 Pole-Star and your eye, this will be a 


Meridian-line, to\{ee when the Sun comes 
to the Meridian. Or you may do it 
with a Crevis between two boards, or 
plates'of Metal, almoſt touching one 
another. -Or (which is a better way) 
with a pairof Sights, ſuch as Surveyors 
uſe (but much longer) with a Crevis 


in one Sight next the eye ; and alarge 


aperture in the other with a fine Cats: 
out ſtring down the middle. Theſe 


- ſhould be counter-changed, ſo as to 


look either at the Pole-ſtar by night ; 
or the other way at the' Sun by day, 
But much the beſt way which L 
have yet thought of, and which is ex- 
ceedingly nice, 15 with the inſtrument, 
Fig. 3. which is thus made. At each 
end of a board, or rather ſmall flat 
Iron-bar (A. B) fix two upright ſights : 
one with a very {mall Hole (a. b..) to 
look through to, the Sun; the other 
(c.d) with a. larger hole, to look at the 
Pole-ftar. Not far from the Sights, on 
the ſame bar, fix two. arms (C.D;,C.D) 
to bend off, fo as to be out of the way 
of the Sights, when you look through. 
them. On the top of theſe arms, 
piace a {mall rod of Iron or Wood, to 
turn with a joynt at D. which 10d 2 to 
car 
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HO The Appendix, 23- 
bear the Plumb-lines ( E. E. ) and to "I 
turn backward and forward, fo as to 
bring the Plumb-lines to the Sights at 
any titve. Place this infirument on a 
| Pedeſtal (G. H.) to turn round on it 
ſtiffly. _ 
' © Your inſtrument being thus prepard, 
plant it in ſome convenient place, 
where you may fee the Pole ftar, by 
night, -and the Sun by day. When the 
Pole-ftar is on the Meridian, look thro 
the Sight with the bigger Hole, and 
turn the whole inftrument about until : 
you ſee the oppoſite Plumb line inter- 
ſet the Pole-ſtar, Take care at the ſame. 
time, that the Plumb-lines hang fo as 
ro interſe&t the Sights, Your inftra- 
ment, thus plac'd, ffandeth nicely in | 


_ the Meridian, fo as to ſee when either - - 
Sun, Moon, or Stars come on the. { 
Meridian. ; , 


When you look by night, 'tis necefſ-- 
fary that a Candle ſhould ſhine on the j 
Plumb-line, that you may ſee it. f 

If you look at the Sun, you - muſt | 
guard your eye againſt the Sun-beams - 
with a coloured Glaſs, or one Blacken» 
ed with the fmoak of a Cardle; 

I had almoſt forgoicen, to fay- thar 

vt matters not much what length. the . 
bottom-piece, A; B. is of(but the long-- 
er tlie better) provided that ths Plumb- - 
lines are high enough to ite the Pole» 
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fing it. 
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The Appendix, 
ſtar, and the Sun in the Summer Sol. 
tice, or any time of the Year. It the 
bottom piece be 2 feet long, the Plumb-: 
lnes had need to be near 4. feer, 
This-inſtrument is very ſerviceable 
to ſeveral purpoſes : particularly 1. To 
fee the Soutbing of the Sun, or Moon : 
which you may do with great exactneſls, 
You may ſee nicely when the very edge | 
of.the.Sun or Moon toucheth the Me. . 
ridian,. and whilſt all cheir. body is-paſ- 


2. You may fee what Stars are,-at- 
anytime, on the Meridian, either: 
Northward or Southward , and ſo find- 
the hour of the night. 

3. You may. with all exatnefs conti-| 
nue.your Meridian-line for many Miles,-| 
if: you. pleaſe, by looking thro either 
Sight, and: feeing. what -objefts. the 


4.1f you would be.ſtill more nice,you-] 
may apply a Tſcope-to this-Meridian In- 
trument, by placing, for the Eye-glats; 
a Convex glaſs, of a-convenient Focus, 
at a Que diſtance between. the Plumb- 
tine and either Sght,fo as thro the Sight 
ro fee the Plumb-iine thro the Convex | 
glaſs (or Eye-glafs,”) And at a convenis 
£at . diſtance. from. the Inſtriment ; 
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5. If I am not much miſtaken this - 
Meridian-Inſtrument may as well (and 


being made Teleſcopulous) much bet- 
terſerve the deſign of trying whether 
the Meridian ditifereth or not ; which 
ſome have experimented with more 


trouble and expence than this inſtru- 


ment comes to. 


6. This Inſftrament is very. eaſily - 
_ brought to the Meridian.” . For whe-_ 
ther it ſtandsupright, aſide; or any other 
way , ftill the Plumb-lines may be - 


brought eaſily to their due place. 


__ 7. This inſtrument is prepared with -+ 
| little coſt or trouble ; it may be carried - 
fromplace toplace; or imitated where--- 
_ ever there is occaſion to correc <either-- 
oun Dial or Watch. . = 
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The Appendix; 27 
This Table is intended :for the un-- 
$ki}ful Reader, to. whom it-may be of 
uſe for ſome years, But it will in time 
| run out, by.reaſon of the increaſe of: 
the Pole-ftar's. R. Aſcention;. Leap 
year, Oe ED 
— The. Hour and Minute. when the 
Pole-ſtar comes on the. Meridian is 
ſhewn every. fifth day.. But. in May, 
Fune, and Julyit cannot be ſeen, when 
| | it is on the Meridian, by. reaſon of 
Daylight. EE 
The Table will be ſufficiently explain«. 
ed. by an-Example or.two. Fan.-5, The. 
Pole-ſtar comes to.the Me:idian. at 45 
minutes after. 4 of. clock- in the morn- 
ing ;.at which time you :may.fert your 
Meridian-Inſirument. So you may do. 
the ſame, on Mar. 2oth.at.54,. after 1 r 
of clock at night, at which time alſo - 
the Pole-ſtar. 1s on the Meridian. 
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oy To make a Teleſcope for the- Government. 
: of Watches. : 

In chap. 12, I- mentioned a - Teleſcope 

ior the governing .a Watch by the Fixed 

|| Stars, And becauſe it is the niceſt way 

Lhave mentioned (by reafon you. may 

_ ſee a Star paſs-at one Beat of a Pendu- 


- 
. 


Ivm) therefore Lſhalt here deſeribe the. 
way to- make fuch a Teleſcope, as is need- 
| ful for this purpoſe. . : 

—_— = Pres 
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The Appendix, 
Prepare your ſelf with two Convex 

glaſſes: the-one ( for the Objec-glaſs) 

to have its Focus, or Cons about 6 feet, or 


according to the length you intend your- |. 


i 


Teleſcope : the other glaſs (for the eye- 
glaſs ) about 2 or 3 inches, Lodge theſe 


Glaſles in a Tube of thin boards, paſt- 


board, or what you think fit. Between 
the Obje# and Eye-glaſs, at the focal 
diſtance of the Eye-glaſs (viz. about 3 


| inches) place two fine Hairs or Threads 


acroſs, ſo as to be ſeen clearly when 
you look thro the Eye-glaſs, Let there 


| be an aperture near theſe croſs hairs, 


that the light of a” Candle may ſhine. 
on them, in the night, when you leok 
ata Star. It is convenient that the 
Eye-glaſs 2nd Croſs-Hairs: or "Threads, . 
ſhould be lodged in a ſhort lefler Tube 
by themſelves, fo as to go into, and : 
ſlide backward and forward, in the end-. 
of the larger Tube ; whereby you may - 
fet the Eye-glaſs and Croſs-Strings nearer. - 
unto, or farther off from the Obje&- 
Glaſs.A\o there muſt be a conical Socket 
of Wood before the Eye-glaſs, ſuch as is- . 
uſual in all Teleſcopes, to look thro : 
but its perforation muſt be very ſmall, 
ſo as only to give you leave to. ſee the - 
Star through it. ES: 
Your Teleſcope being thus: prepared, ' 
you muſt plant ic for obſervation, as is - 
directed in the foregoing Book: © 
B.O:.O'KS : 


 Church-zard... 


the Iſle of Guam one of the Ladrones, 


Aindanao, and other Philippine-and Eaſt-. 
India Iſlands near Cambodia, China, For- 
moſa, Lucia, Celebes, &c. New Holland, 


Sumatra, Nicobar Iſles ;- the Cape of Good 


Hope; and Santa Hellena, Their Soll,.. 
Rivers, Harbours, - Plants,: Fruits, Ani-* 


mals,and Inhabitants, Their Cuſtoms, 


Religion, Government, Trade, &c. 


By William Dampier.. Vol. the ficit, il- 
Inſtrated with particular Maps and 


Draughts. . The Fourth Edition, Cor-. 


rected. : 


Vozages. and Deſcriptions, Vol. II. In - 
T hree Parts, viz. 1. A Supplement of - 
the Voyage round the World, deſcribing 
che Countries of Tezquiv, Achin, Ma-. 
lacca, &c. their Product, Inhabitants, 
Manner, Trade, Policy;. &c; 2.. Two - 
Voyages to Carmpeachy.; with a Deſcrip- - 


tion of the Coaſt, Product, Inhabitants, 


Logwood Cutting; Trade,. Oc. of Fu. k 


BOOKS printed for James Knap-- 


ton at the Crown 7. St Paul's - 


\ New Voyage round the World... 
Deſcribing - particularly : the 1#h-- 
us of America,ſeveral Coaſts and Iſlands - 
in the Weſft-Indies, the Ifles'of Cape Verd, 
the Paſſage by-Terra del Fuego, the South - 
Sea Coaſts of Chili, Peru, and Mexico "3 
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Books ſold by 1; Knapton, 

eatan, Campeachy, New Spain, &c. 9, A 
Diſcourſe of Trade- winds , Breezes, 
Storms; Seaſons of the Year, Tides 
and Currents of theTorrid Zone th rough- 
out the World ; with an Account of 
Natal in Africk, its Produdt, Negro's, 
&c. By Captain William Dampier. II- 
luftrated with particular Maps and 
Draughts, To which is oded , A 


: General I N DE X:to both Volumes, 
 Theſecond edition,. © 


A: Short view of the Principal Duties of tlie 
Chriſtian Religion. With plain Arguments ro 
perſwade to the fincere and ſpeedy praGtice of 
them, To which is added, a Prayer ſuited to 
the whole, to be uſed Morning and Evening. 
By a Divine of the Church. of England, for the 


Uſe of his Pariſhioners, . Price 3 4. or 20 s. per 


Hundred. 

The God-fathers Advice to his Son. Shew- 
ing the neceſſity of performing the Baptiſmal 
Vow, and the danger of negleQting it. With 
general inſtruQtions to young perſons to lead 
4 Religious - life, and prepare them for their 
Confirmation, and- worthy receiving. the Bleſſed 
Saccament. Very necefiary for Parents, @tc. 
to give their Children, or others committed to 
their care, By John Birket, Vicar of Milford and 
Hordle in Hampſhire. The Second Edition, with 
a Preface. Pricz 3 4. or 20-5. pzr Hundred. 


Mr. Whingate's Arithmetick : con» 
taining a plain and tamiliarMethod for 
attaining the Knowledge and Prattice 
2. common Arithmertick. The tenth ed» 
tion, very mu.b enlarged. By .Fchn Ker- 


ſy, lare Teacher  - the Mathematicks.. 


Ocavo.. 
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